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"FJ Android + Vulkan Tooling — Why?

Vulkan (Android) tooling problem:
- Fragmented
- Lacks consistency among IHV’s

Solution:
- A HW Agnostic tool for all hosts and targets
* especially Android.
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Android + Vulkan Tooling — How?

L0 Perfetto

GFXReconstruct
API Capture and Replay

LUNAR

Open Sourced!
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"FJ Android + Vulkan Tooling — Who?

Target Customers o
. Game Engine Developers
. Game Studio Developers : Pevelop
. OEM GPU Developers & Platform 5
Engineers e ectners

GPU Experience
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‘ B Start
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D Recent
No recent profiles

PROPERTIES
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# 5 Android + Vulkan Tooling

Future Opportunities:

* Improve work flows for performance
analysis

e Make GPU Tooling approachable with use-
case documentation

* Provide sandbox for generating new plugins
(E.g., Raytracing, Machine Learning)

Signup to provide feedback

g.co/userresearch/vulkanised
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b Future Opportunities:

Collaborate with US!

Samsung (SARC) & Google
collaborating together

* QOpportunities

e Standardize & enrich data through IHV collaboration

e Early Access Program

 Open Sourced Signup to provide feedback

g.co/userresearch/vulkanised

SAMSUNG + Googl SARC/ACL



Questions?
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Screenshots
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New Profile

Quick Configuration
Configurations

No data available

SAMSUNG

Quick Configuration

= Common B Perfetto <* GFXR

Name | ${package_name}

Notes

Device Full Android on S5E9945 ERD (0D0000bb50e916153)

Application
Package com khronos.vulkan_samples (debuggable)
Activity Default
Optional Arguments --es sample subpasses
Capture Triggers
Start Frame (inclusive)
Frame S0
Stop Frame (inclusive)
Frame 100

Output
Directory /home/c.stelnberg/sokatoalprofiles

Save as new configuration

v w P 0
-

Browse...
Restore Defaults

Capture Close

SARC/ACL



Mew Profile
Quick Configuration
Configurations

No data available

SAMSUNG

Welcome

Start

Quick Configuration

= common BB Perfetto <* GFXR
# Enabled
¥ CPU

¥ Frequency and Idle States
# Scheduling Chains / Latency
# Thread Slices

¥ GPU
¥ GPU Activity
W Counters
Selected Counters
Poll Rate (us) 1000
¥ GPU Memory
¥ Memory
Poll Rate (ms) 1000
# Battery
Poll Rate (ms) 1000

¥ Collect Power Ralls
¥ Collect Energy Breakdown

# SurfaceFlinger Events

B Use Advanced

Save as new configuration

Select Counters...

SARC/ACL



New Profile
Quick Configuration
Configurations

No data available

SAMSUNG

Welcome

Start

Quick Configuration

= Common B Perfetto <* GFXR

¥ Enabled

ZLIB

Memory Tracking Mode Page Guard

¥ Copy on Map

¥ Separate Read

W Persistent Memory

# Align Buffer Sizes

W Unblock SIGSEGY

[l signal Handle Watcher

Il Omit Null Hardware Buffers

# Force FIFO Present Mode

¥ Optimize After Capture

Sawve as new configuration

x
Restore Defaulis
Capture Close

SARC/ACL



| =] o S X—- & Welcome
~ com.khronos.vulkan_samples_2
O Baseline
v o siices(l)

T6T4060 154

t=@O=m

Performance Pipeline

com.khronos.vulkan_samples_2 - Frames 50 - 100 x

Resources

ooos nozs onds 006s onbs

Q  search
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0
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~ Pinned Tracks

Universal

R

Universal 1B

Thread-2 16117

EEEEEEEERRRS
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SRTINI

surfaceflinger 690
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EEREEEERREREEE}
I H

i
T

il

i

> Battery

> CPU

> GPU

> SurfaceFlinger Events
PROPERTIES T X~

» Kemel threads
startFrame 50

> Memory Usage
endFrame 100

> Processes (153)
deviceSerlalid 00000bb50e016153
deviceName Full Android on S5E994...
» Android Properties
> Capture Times
> Common
> GFXR
> Perfetto

Total Time: 411ms

clelal
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| (] UD S R= 4‘%‘ Welcome com.khronos.vulkan_samples_2 - Frames 50 - 100 x @
~ com.khronos.vulkan_samples_2 Lsyltllrl J | Permlﬂnoe Pipeline Resources
£}
Baseline
= Q  search (3]
v 4 Slices (1) 76740801 5 4 01108 s s 0i13s 1M aNss T onTs oies 0N9s 01208 ais
Frames 50 - 100 = @ =D ‘ ‘ ‘ l |

v Pinned Tracks

Universal

Universal B

Thread-2 16117

surfaceflinger 690

On Display
GPU Busy %
Shader Busy
PROPERTIES I
Cache Request Count —
startFrame 50 - “—..-\_ ——
endFrame 100 =
ache Hit
ac t% e~ MMW
deviceSerialld 00000bb50e916153 ) ::A mw
deviceName Full Android on SSE094... oo Py AA ya

> Androld Properties =

> Capture Times .
© common f}-\ F,QQ:%I:Q H

> GFXR

> Battery

> Perfetto
> Combination Tracks

> GPUQueues

% RGPl Counters

Viewing: 1Ims of 41ims

B
2l
[ 24

oleles]

SAMSUNG SARC/ACL




‘ I (] 5 - 14, Welcome com.khronos.vulkan_samples_2 - Frames 50 - 100 X
~ com.khronos.vulkan_samples_2 System Performance Pipeline Resources
n
ol Command Performance ©! )14 of 2
v 4 slices (1)
Q Cc W * x @ Duration (ns) = GPUBusy % =  GPU Busy Cycles =  Scalar ALU Busy % = Vector ALU Busy % = LOCacheHit % = L0 Cache Request Count = L0 Cache Miss Count =  Complex Vector ALUB... =
Frames 50 - 100
» @ Frame 64 852710 100 521021 815 58.84 25.75 2019419 893208 68.53
~ o Frame 65 651250 100 5177502 B8 5§9.02 25.46 2015504 B93177 68.75
~ Queue Submit O (queue: 3) (thread: 2) 851250 100 5177502 N1 §9.02 25.46 2915594 893177 B68.75
~ Command Buffer 0 (instance: 21) 651250 100 5177502 B8 §9.02 25.46 2015504 BO3177 68.75

vkCmdPipelineBarrier 0
vkCmdPipelineBarrier 1
vkCmdPipelineBarrier 2

vkCmdPipelineBarrier 3

v [a] Render Pass 0 6488281 100 5144733 8.2 so.1 25.44 2912653 8anro 68.97
> Subpass 0 1754570 100 1376208 .06 10.79 8145 2160608 a3ren 3.65
» [2 Subpass 1 4725039 100 3768435 9.8 7735 468 751955 453549 93.42

vkCmdPipelineBarrier 4

Queue Present (queue: 3) (thread: 2) *
? §&:Frame 66 6508672 100 5177502 817 59.01 25.37 2909105 gozan 68.76
PROPERTIES e X~
startFrame 50
endFrame oo
deviceSerialld 00000bb50e918153
deviceName Full Android on S5E994...
2 Androld Properties
2 Capture Times
2 Common
? GFXR
2 Perfetto
Viewing: 17ms of 41ims X
’ ’
& - W
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. » Opaque objects > 'Material

25' mesh, primitive #0 >

Pipeline Start State

| (=] (] T A= '%, Weicome com.khronos.vulkan_samples_2 - Frames 50 - 100 x
~ com.khronos.vulkan_samples_2 System Performance Pipeline Resources
O Baseline B
v £ slices(1) Q Cc W *» x ®
Frames 50 - 100 Commands Showing 33 of 206

> BeiFrame 64
v s Frame 65
* Queue Submit O (queue: 3) (thread: 2)
~ Command Buffer O (Instance: 21)
vkCmadPipelineBarrier 0
vkCmdPipelineBarrier 1
vkCmdPipelineBarrier 2
vkCmadPipelineBarrier 3
~ [2] Render Pass 0
~ [&] Subpass 0
~ RP subpass #0
~ Opaque objects
w ‘'flagpole’ mesh, primitive #0
] vkCmdDrawindexed 0
v 'Material__25' mesh, primitive #
> vkCmdDrawindexed 0

~ 'Material_298' mesh, primitive

bz S X~ 5 vkCmdDrawindexed 0
startFrame 50 ~ 'leaf' mesh, primitive #0
endFrame 100 ? vkCmdDrawindexed 0

~ 'Material__57' mesh, primitive #

deviceSerialld 00000bb50e916153

? vkCmdDrawindexed 0

deviceName Full Android on S5E004...

» Androld Properties ~ ‘bricks' mesh, primitive #0

» Capture Times ? vkCmdDrawindexed 0

5 Common ~ ‘celling” mesh, primitive #0
» GFXR ] vkCmdDrawindexed 0
?  Perfetto ~ 'column_a’ mesh, primitive #0

> vkCmdDrawindexed 0
~ ‘arch’ mesh, primitive #0

2 vkCmdDrawindexed 0
w 'column_c' mesh, primitive #0

b} vkCmdDrawindexed 0

Viewing: 1Ims of 41ims

1:

il
“
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Command Info

Command Arguments >
N

Graphics Pipeline Info
Dynamic States

Input Assembly >
Rasterization »

Instances

Physical Devices
Queues

Devices
Surfaces

Swapchains

Graphics Pipelines >

Pipeline Layouts >
Pipeline Caches
Command Pools

Command Buffers

Command Buffer Insta... &

Render Passes »

Descriptor Pools

Descriptor Sets >
Descriptor Set Layouts >
Framebuffers

Samplers.

Images

Image Views

Buffers

Semaphores

Fences

Debug Names

(- T ™ I )

vkCmdDrawindexed 0

> Wertex Input State
Input Assembly State

> Rasterlzation State

> Multisample State

»  Depth/Stencil State

»  Color Blend State

Dynamic States

>

»

Binding Descriptions
Attribute Descriptions

™

Location

Binding

Format Offset
R32G32B32 SFLOAT [+]
R32G32 SFLOAT 1]
R32G32B32 SFLOAT [+]

»¢

< ¢ 23
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| =] (] = ol s X - fe‘ Welcome com.khronos.vulkan_samples_2 - Frames 50 - 100 X @
“ com.khronos.vulkan_samples_2 System Per
O Baseline ® . > Opaque objects > 'Materlal_25' mesh, primitive #0 >  vkCmdDrawindexedo  START (NSl  rs END
Q Ce W *» x @
v 4 siices (1) o
Shader 453: Baseline B6LSL ASPIRV  BHLSL @& Input Attributes
Frames S0 - 100 Com wing 33 of 306 This le S on command
MAnds - Showiig 33 0F 306 1 his file was ed fro command = Binding Location Offset Format Buffer Stride Input Rate Divisor
- 2 pirv-cr home steinberg/so ¢ nos.vulkan sample 16
> jiéFrame 64 e | 12 2 o R32G32832 SFLOAT 8 12 VERTEX 1
v i Frame 65 4 This is for debugging purposes only It is not intended for reverse engine 1 1 o R32G32 SFLOAT n 8 VERTEX 1
~ Queue Submit 0 (queue: 3) (thread: 2) ¢ #version 460 0 0 0 R32G32B32 SFLOAT 9 12 VERTEX 1
~ Command Buffer O (Instance: 21) 7
¢ layout(set = @, binding = 1, std140) uniform GlobalUniform
vkCmdPipelineBarrier 0 {
vkCmdPipelineBarrier 1 1 matq wodel; Descriptors
11 matd view proj;
vkCmdPipelineBarrier 2 . vec3 camera position; Array Descriptor Image
= Set  Bindiny Buffer Offset Range Sampler Image Layou
12} global uniform; 9 Element "YP® set 0 PIET View e LAy
vkCmdPipelineBarrier 3 14 =
: o o (] COMBINED IMAGE SAMPLER 28 1 18 SHADER REA
« (2] Render Pass 0 15 layout(location = ) out vecd o pos;
16 layout(location = @) in vec3 position; 0 1 ] UNIFORM BUFFER 28 130 144 144
v [&] Subpass 0 17 layout(location = 1) out vec2 o uv;
~ RP subpass #0 18 Iayout(locagon = 1) in vec2 texcoord O;
19 layout(location = 2) out vec3 o _normal;
v Opaque objects { layout(location = 2) in vec3 normal;
21
*f 2 it Geome! Texture
N Hegpole’ mest, priakive #0 22 void main() a2
>  vkCmdDrawindexed 0 23 { 21
: . 24 o pos = global uniform.model * vecd(position, 1.0);
v 'Materlal__25' mesh, primitive # 2t 0 uv = texcoord 0; @
> vkCmdDrawindexed 0 2 o _normal = mat3(global uniform.model{@].xyz, global uniform.model{1].xyz, 7
7 gl Position = global uniform.view proj * o pos;
v 'Material__298' mesh, primitive }
PROPENTIER X~ > vkCmdDrawindexed 0 : E
startFrame 50 ~ 'leaf' mesh, primitive #0 ®
endFrame 100 b vkCmdDrawindexed 0 ® k
lalid 3 v 'Material__57' mesh, primitive # E
deviceName Full Android on SSE994... 2 VREEdINEteieng O R
> Androld Properties v 'bricks' mesh, primitive #0 °
> Capture Times > | vkCmdDrawindexed 0
> Common v ‘celling' mesh, primitive #0 &
> GFXR > vkCmdDrawindexed O
> Perfetto ~ ‘column_a' mesh, primitive #0
> vkCmdDrawindexed 0
v ‘'arch' mesh, primitive #0
> | vkCmdDrawindexed 0 T
v ‘column_c' mesh, primitive #0 »
> vkCmdDrawindexed 0
= Vertices: 1746 Indices: 9126 Triangle: 3042 Topology Format: TRIANGLE_LIST
Viewing: 1Ims of 41Ims X
ﬂ;h; 7
&3
o 8
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| () (s Cux = '%, icome com.khronos.vulkan_samples_2 - Frames 50 - 100 X ‘
v com.khronos.vulkan_samples_2 System Performance Pipeline Resources
[+]
[ O Baseline B .. > Opaque objects > 'Material_25' mesh, primitive #0 > vkCmdDrawlndexed O START Vs - END
Q Cc W *» x @
v 4 slices (1) .
Shader 454: Baseline AoLsL ASPIRV  AHLSL @&  Descriptors
Frames 50 - 100 Commands Showing 1306 1 This fi 15 g ated fr katoa with the f OWing COommanc e Array Descriptor Image
piry e . cokat rof L mi’ < Set Binding St Type Set Buffer Offset Range Sampler View Image Layou
> |§iFrame 64
X - o % 0 0 o COMBINED IMAGE SAMPLER SHADER REA
v [iFrame 65 4 i fe ] pur y I s tend r rever )
3 1 IFOR FFER 28 130 144 144
~ Queue Submit O (queue: 3) (thread: 2) # ‘ 16 o e AUEORM BUFFE ;
v Command Buffer O (Instance: 21)
layout(set = @, binding = 0) iform mediump sampler2D base color texture;
vkCmdPipelineBarrier 0
vkCmdPipelineBarrier 1 layout(location = 2) i ec3 in normal;
layout(location = 1) tv o normal;
vkCmdPlpelineBarrier 2 1 layout(location = 1) VE( in uv;
layout(location = 0) vecd o albedo;
vkCmdPipelineBarrier 3 -
| Render Pass 0 1 void main()
{
Vv (&) Subpass 0 ec3 normal = normalize(in normal);
~ RP subpass #0 o normal = ve normal * ©.5) + vec3(0.5), 1.09);
vec4 base color = vec4(l1.0, 0.0, 0.6, 1.0);
v Opaque objects base color = texture(base color texture, in uv);
v 'flagpole’ mesh, primitive #0 } ©_albedo = base_color; Texture
> vkCmdDrawindexed 0 E"h
v 'Material__25' mesh, primitive # "
>  vkCmdDrawindexed 0 ®
v 'Material__298' mesh, primitive ®
ek T X~ > vkCmdDrawindexed 0 %
startFrame 50 v 'leaf' mesh, primitive #0 .
endFrame 100 > vkCmdDrawindexed 0 a
deviceSerlalld  00000bb50e916153 N MRt _BT MR, DINORIVE ¥ il
deviceName Full Android on SSE994... 28] Necidbrasiedened 0 3} 0
> Androld Properties v 'bricks' mesh, primitive #0 )
> Capture Times > vkCmdDrawindexed 0
> Common v 'celling’ mesh, primitive #0
> GFXR > vkCmdDrawindexed 0
> Perfetto v 'column_a' mesh, primitive #0
> vkCmdDrawindexed 0
v ‘arch' mesh, primitive #0
> vkCmdDrawindexed 0
v 'column_c' mesh, primitive #0
> vkCmdDrawindexed 0 .
= Color 0 Format: VK_FORMAT_R8GSBSAS_UNORM X: ## Y: ## Dimensions: 1440x3200 RGBA: #, #, #, # Zoom: 17.13%
Viewing: 1Ims of 41ims X
’ ' s ’
E23 Teu
o
& =51
B0 o f 23
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| o CUD s X — fQ weicome com khronos.vulkan_samples_2 - Frames 50 - 100 com.khronos.vulkan_samples_2 - frag Shader 454 X
~ com.khronos.vulkan_samples_2 S0 Code - frag B Baseline (GLSL GVersion1 x G B
[J Baseline Gl :
I ber ) ) kar I T } I
~ A slices (1) > GL
Frames 50 - 100 4 1s 1 . Jging purpose It 1 int . BV " jineeri io
layout(set = @, binding = 8) unif sdiu ampler2D base color texture;
layout(location = 2) ir in normal;
layout(location = 1) out i 0 normal;
layout(location = 1) 2 in uv;
layout(location = 8) ec4 o albedo;
yoid main()
{
17 vec3 normal = normalize(in normal);
o normal = vecd((normal * ©.5) + 8.5), 1.0);
base color = vec4(1.0, 8.8, 8.8, 1.8);
base color = texture(base color texture, in uv);
o_albedo = vec4(normal, 1.0);
' I
PROPERTIES o X v
startFrame 50
endFrame 100
deviceSerialld 00000bb50e916153
deviceName Full Android on S5E994...
> Androld Properties
» Capture Times
> Common
» GFXR
» Perfetto
o
g0y
o
=1} o pEs
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| Ch UD C; s X— ﬁ, Weilcome com.khronos.vulkan_samples_2 - Frames 50 - 100 com.khronos.vulkan_samples_2 - frag Shader 454 com.khronos - Replay Slice - Frames 50 - 100 X @
» com.khronos.vulkan_samples_2 Performance Pipeline Resources
Baseline
o Q, Search M
v A Slices (1) 6765195+ 005s 0a0s LALE) 0s 02ss 0308 035s 0408 0455 0503 0553 0603 0ess
~ A o ) e
Frames 50 - 100 L= ®=®
£ Replay Siice - Frames 50 - 100 v Poned Tracks
Universal
Universal |B
Thread-2 16031 |
On Display
On Display
> Battery
> Combination Tracks
> GPU
> SurfaceFlinger Events
PROPERTIES S X~
> Kemel threads
startFrame 50
> Memory Usage
endFrame w00
¥ Processes (11)
deviceSerialld 00000bb50e916153 Saperren U B e e 393
P a8
deviceName Full Android on SSE994...

? Androld Properties
> Capture Times
> Common

> GFXR

Total Time: 663ms

EhhhhhiR
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olelas

SAMSUNG SARC/ACL



| (] U D ol S X—- @j Welcome c com. wulkan_ 2 - Replay Slice - Frames 50 - 100_diffuse :: com.khronos.vulkan_samples_2 - Replay Slice - Frames 50 - 100_norms X

~ com.khronos.vulkan_samples_2
0 Baseline Q  search [ﬂ
~ A Slices (1) TM13087 5 4 0.16s 0183 s ons oM 0265 0285 0.30s 0328 0345 0363 0388 040
- A =
Frames 50 - 100 = @
43 Replay Slice - Frames 50 - 100_norms v _Pumned Iracks
s Replay Slice - Frames 50 - 100_diffuse
Universal
Universal 1B
Thread-2 27373
On Display
On Display
Q_ Search )
117304553 + [ALTY 0163 (ALE 0203 0223 DM 02%s 0283 030s 032s 0343 03%s 038s
A o
v =

~_Pinned Tracks

e Universal A I e L I= E| |=| E| =

PROPERTIES b s S Subpa.. "". l*.,i S Subp.  Subp. Subp.  Subp.  Subp.
dovicoserats 0000 . v gﬂ B S 1 I h N - -

Universal B = = / =i 1
deviceName Full Androld on SSE994... Thread-2 27020 ol

On Display
> Android Properties

b On Display

» Capture Times
» Common

»  Perfetto

»

Replay

Viewing: 262ms of 552ms & X
EEREEE EEEEEREREEREEEEORERE R E D ®
Viewing: 262ms of 525ms X
BB B B B B B B B B B B B B B B B B B B B B B B B B B B B B B
= S A e | = = = = = = = = = | | = = | = | . = e | i S = = S S S e

0 FEU Eall L = | £ 3 | | FE4 | ¥ X0 s} £ Tl |
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| Ch oo ¢ X— @; Welcome c com .vulkan_ 2 - Replay Slice - Frames 50 - 100_diffuse :: com.khronos.vulkan_samples_2 - Replay Slice - Frames 50 - 100_norms X

~ com.khronos.vulkan_samples_2
O Baseline

v A Slices (1)

Q search 80

13087 5.+ 0138 0150 F 1Bis

x=0

£+ Replay Slice - Frames 50 - 100_norms v Pinned Tracks
L,

[AF- 1
He8Tus

gizes (AL H Qs s 0i%s [ALES [AL-F] Ui [AL T3 (AL T 0ie0s [ALLE

Frames 50 - 100

Uiss ruﬁs |0|5h

[AL+H] |01ﬁu

Replay Slice - Frames 50 - 100_diffuse u ‘ RenderPass. . ‘RenderPass
Iniversa - |

Universal IB
Thread-2 27373

On Display

On Display

—— e — o —— —— o —————

w Combination Tracks ‘ [

Q Search B
TG 95+ v, 01245 01263 s 01305 013 01345 0136 01385 01 01425 045 01465 01483 01508 01525 01543 01863 01565 01603 01623
ue
PROPERTIES sx~ <=0
W Pinned Iracks
lalld 0000 3
deviceName Full Androld on SSE994... Universal
> Android Properties
Universal IB
» Capture Times —
Thread-2 27020
» Gommon On Display
> Perfetto On Display
> Replay

w Cnmhination Trarks

Viewing: 42ms of 552ms B 2
Viewing: 42ms of 525ms v

olslg
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End of Slides
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