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AGENDA Introduction

Radeon™ GPU Profiler Tour of last year

Rodrigo U
Senee e What’s new and coming
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What is Radeon GPU Profiler?

— Shows low level profiling data e e —— o ot @
— Visualizes GPU workloads

— Designed to identify : |
performance bottlenecks

IR

— Helps bridge the gap between
explicit APIs and GCN

— Linux® and Windows® ]
— Vulkan® and DirectX® 12 ! v.s'..
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GDC 2018 - RGP 1.2

Overview Events RenderDoc interop
—Frame summary —Wavefront occupancy =
—Most expensive events - Event timing
—Barriers —Pipeline state

—Context rolls
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RGP 1.2 - Frame summary

System activity
Visualize command buffer submission and synchronization primitives.

GPU-based frames Workload views
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Visualize command buffer submission, queue parallelism, and synchronization
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RGP 1.2 - Frame summary

System activity
Visualize command buffer submission and synchronization primitives.

GPU-based frames Workload views

Frame 17415
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RGP 1.2 - Frame summary
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System activity
Visualize command buffer submission and synchronization primitives.

GPU-based frames Workload views CPU submission markers

Frame 17415
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Graphics queue

ID3D12Qu 1D3D12(
IDXGISwa) ID3D12Queu IDXGISw ID3D12Queut
1D3D12Qu IDXGISwapC 1D3D12C IDXGISwapCt
IC| 10 ID3D12Qu ID3D12Queuy 1D3D12Qu ID3D12Queut
IC ID3D12' ID3D12Qu ID3D12Queu  ID3D12( ID3D12Qu ID3D12Queut
ID IDXGISy ID3D12Qu ID3D12Queu [IDXGISw ID3D12Qu ID3D12Queut
ID3D12Q ID3D12/ IDXGISwa ID3D12Queu  ID3D12( IDXGISwaj ID3D12Queur
IDXGISwz ID3D12 ID3D12Qu IDXGISwapC 1D3D12( ID3D12Qu|IDXGISwapCh
1D3D12Qu 1ID3D12 ID3D12Qu ID3D12Queu ID3D12¢ ID3D12Qu ID3D12Queut
1D3D12Qu ID3D12 ID3D12Qu ID3D12Queu  ID3D12( ID3D12Qu ID3D12Queut
ID3D12¢  ID3D12Qu IDXGISy ID3D12Qu ID3D12Queu [IDXGISw ID3D12Qu ID3D12Queut
IDXGISv ID3D12Queu ID3D12 IDXGISwa| ID3D12Queu  ID3D12C IDXGISwaj ID3D12Queut
1D3D12(|IDXGISwapC ID3D12 ID3D12Qu IDXGISwapC 1D3D12( ID3D12Qu|IDXGISwapCh
1D3D12@ ID3D12Queu ID3D12' ID3D12Qu ID3D12Queu; ID3D12( ID3D12Qu ID3D12Queur
ID3D1: 1D3D12Q ID3D12Queu ID3D12 ID3D12Qu ID3D12Queu  ID3D12( ID3D12Qu ID3D12Queut
IDXGIS ID3D12Qu ID3D12Queu IDXGISy ID3D12Qu ID3D12Queu  [IDXGISw ID3D12Qu ID3D12Queut
ID3D12|IDXGISwa ID3D12Queu ID3D12 IDXGISwa) ID3D12Queu  ID3D12( IDXGISwaj ID3D12Queur
1D3D12 ID3D12Qu IDXGISwapC 1D3D12 ID3D12Qu IDXGISwapC ID3D12( ID3D12Qu| IDXGISwapCt
1D3D12 ID3D12Qu ID3D12Queu ID3D12 ID3D12Qu ID3D12Queu  ID3D12 ID3D12Qu ID3D12Queut

Compute queue

ExecuteCommandLisi  ID3D12Queue::ExecuteCommandLis ID3D12Queus

::ExecuteCommandList ID3D12Queue::ExecuteCommandLists ID3D12Queue::|

Frame 17417

ID3D12

IDXGISv ID3D12Queu

1D3D12(/ IDXGISwapCl

1D3D12C ID3D12Quew
1D3D12Q 1D3D12Q ID3D12Quew
IDXGISw: ID3D12Que ID3D12Queu
ID3D12Q|IDXGISwap ID3D12Queu
1D3D12Q ID3D12Que/ IDXGISwapCh
1D3D12Q ID3D12Que ID3D12Quew
1D3D12Q ID3D12Que ID3D12Quew
IDXGISw: ID3D12Que ID3D12Quew
ID3D12Q|IDXGISwap ID3D12Queu
1D3D12Q ID3D12Que/ IDXGISwapCh
ID3D12Q ID3D12Que ID3D12Queur
1D3D12Q ID3D12Que ID3D12Quew
IDXGISw: ID3D12Que ID3D12Quew
ID3D12Q|IDXGISwap ID3D12Queu
1D3D12Q ID3D12Que/ IDXGISwapCh
1D3D12Q ID3D12Que ID3D12Quew

IDXGISwag ID3D12Queut
1D3D12Que IDXGISwapCh

1D: ID3D12Que ID3D12Queu|
1D3D12Qu ID3D12Que ID3D12Queut
IDXGISwa ID3D12Que ID3D12Queut
ID3D12QuIDXGISwap ID3D12Queut
1D3D12Qi ID3D12Que IDXGISwapCh
1D3D12Qu ID3D12Que ID3D12Queud|
1D3D12Qu ID3D12Que ID3D12Queut
IDXGISwa ID3D12Que ID3D12Queut
ID3D12QuIDXGISwap ID3D12Queut
1D3D12Qu ID3D12Que IDXGISwapCh
ID3D12Qu ID3D12Que ID3D12Queut|
1D3D12Qu ID3D12Que ID3D12Queut
IDXGISwa ID3D12Que ID3D12Queut
ID3D12QuIDXGISwap ID3D12Queut
1D3D12Qu ID3D12Que IDXGISwapCh
ID3D12Q 1D3D12Que ID3D12Queuy

D3

ExecuteCommandLisi ID3D12Queu
ExecuteCommandLis! ID3D12Queu

174

)0 ps

1D3D12Que
IDXGISwap ID3D12Queu
1D3D12Que/ IDXGISwapCl
1L ID3D12Que ID3D12Queu
1D3D12( ID3D12Que ID3D12Queu
IDXGISv ID3D12Que ID3D12Queu
ID3D12( IDXGISwap ID3D12Queu
1D3D12( ID3D12Que IDXGISwapCl
1D3D12( ID3D12Que ID3D12Queu
1D3D12( ID3D12Que ID3D12Queu
IDXGISv ID3D12Que ID3D12Queu
ID3D12( IDXGISwap ID3D12Queu
1D3D12( ID3D12Que IDXGISwapCl
ID3D12( ID3D12Que ID3D12Queu
1D3D12( ID3D12Que ID3D12Queu
IDXGISv ID3D12Que ID3D12Queu
ID3D12( IDXGISwap ID3D12Queu
1D3D12( ID3D12Que IDXGISwapCl
1D3D12( ID3D12Que ID3D12Queu

D

174

0.000 ps

ID3D12Q

IDXGISw: ID3D12Que

1D3D12Q IDXGISwap ID3D12Queue
1D3D12Q 1D3D12Que/ IDXGISwapCh
1D3D12Q ID3D12Que ID3D12Queue|
1D3D12Q ID3D12Que ID3D12Queue
IDXGISw: ID3D12Que ID3D12Queue
1D3D12Q IDXGISwap ID3D12Queue
1D3D12Q 1D3D12Que/ IDXGISwapCh
1D3D12Q ID3D12Que ID3D12Queue.
1D3D12Q ID3D12Que ID3D12Queue
IDXGISw: ID3D12Que ID3D12Queue
1D3D12Q IDXGISwap ID3D12Queue
1D3D12Q 1D3D12Que/ IDXGISwapCh
1D3D12G 1D3D12Que ID3D12Queug|

ExecuteCommandList
::ExecuteCommandList ID3D12Queue::ExecuteCommandList:

Zoom to selection

Frame 17421
105,000.000 pis

1D3D12Q

IDXGISwi ID3D12Qu!

1D3D12Q IDXGISwaf ID3D12Queue
1D3D12Q ID3D12Qui IDXGISwapCh
ID3D12Q ID3D12Qur ID3D12Queu
1D3D12Q ID3D12Qur ID3D12Queue
IDXGISwi ID3D12Qu! ID3D12Queue
1D3D12Q IDXGISwar ID3D12Queue
1D3D12Q ID3D12Qu IDXGISwapCh
1D3D12( ID3D12Qui ID3D12Queuc.

Reset zoom G

120,000.000 ps

1D3D12C

IDXGISW 1D3D12Que

1D3D12( IDXGISwap ID3D12Quet
1D3D12( ID3D12Que IDXGISwapCh
1D3D12( ID3D12Que ID3D12Quet

1D3D12Queue::E> ID3D12Queue::ExecuteCommant ID3D12Queue: :ExecuteCommandL ID3D12Queue::ExecuteCommandLis! ID3D12Queue::ExecuteCommandLists ID3D12Queue: :ExecuteCommandLis! ID3D12Queue: :ExecuteCommandList ID3D12Queue::ExecuteCommandList: ID3D12Queue::ExecuteCommandLis

D
Copy queue

Graphics Compute oMA  [llwait Present

1D

1D

1D

1D

Submit time: - | Submit duration:

D

- i GPU duration:

127,417.820 ps

Visualize command buffer submission, queue parallelism, and synchronization

AMDZ1



RGP 1.2 - Frame summary

System activity
Visualize command buffer submission and synchronization primitives.

GPU-based frames Workload views

Frame 174

000 ps 000.000 pis

Graphics queue

ID3D12Qu
IDXGISwa) ID3D12Queu
1D3D12Qu IDXGISwapC
IC| 10 ID3D12Qu ID3D12Queuy
IC ID3D12' ID3D12Qu ID3D12Queu
ID IDXGISy ID3D12Qu ID3D12Queu
ID3D12Q ID3D12/ IDXGISwa| ID3D12Queu
IDXGISwe 1D3D12/ ID3D12Qu IDXGISwapC
1D3D12Qu ID3D12 ID3D12Qu ID3D12Que|
1D3D12Qu ID3D12 ID3D12Qu ID3D12Queu
ID3D12¢  ID3D12Qu IDXGISy ID3D12Qu ID3D12Queu
IDXGISv ID3D12Queu ID3D12/ IDXGISwa| ID3D12Queu
1D3D12( IDXGISwapC 1D3D12 ID3D12Qu|IDXGISwapC
1D3D12@ ID3D12Queu ID3D12' ID3D12Qu ID3D12Quey
ID3D1: 1D3D12Q ID3D12Queu ID3D12! ID3D12Qu ID3D12Queu
IDXGIS 1ID3D12Qu ID3D12Queu IDXGIS) ID3D12Qu ID3D12Queu
ID3D12|IDXGISwa ID3D12Queu ID3D12 IDXGISwa) ID3D12Queu
ID3D12 ID3D12Qu IDXGISwapC ID3D12' ID3D12Qu IDXGISwapC
1D3D12 ID3D12Qu ID3D12Queu ID3D12 ID3D12Qu ID3D12Queu

Compute queue

CPU submission markers

0 ps

1D3D12(
IDXGISw ID3D12Queut
1D3D12C IDXGISwapCt
1D3D12Qu ID3D12Queut
1D3D12( ID3D12Qu ID3D12Queut
IDXGISw ID3D12Qu ID3D12Queut
ID3D12(/IDXGISwaj ID3D12Queut
1D3D12( ID3D12Qu| IDXGISwapCt
1D3D12( ID3D12Qu ID3D12Queu
1D3D12( ID3D12Qu ID3D12Queut
IDXGISw ID3D12Qu ID3D12Queut
ID3D12(/IDXGISwaj ID3D12Queut
1D3D12( ID3D12Qu| IDXGISwapCt
ID3D12( ID3D12Qu ID3D12Queus,
1D3D12( ID3D12Qu ID3D12Queut
IDXGISw ID3D12Qu ID3D12Queut
1D3D12(/IDXGISwaj ID3D12Queut
1D3D12( ID3D12Qu| IDXGISwapCt
ID3D12 1D3D12Qu ID3D12Queut

ExecuteCommandLisi  ID3D12Queue::ExecuteCommandLis ID3D12Queus

::ExecuteCommandList ID3D12Queue::ExecuteCommandLists ID3D12Queue::|

Frame 17417

103012
IDXGISY 1D3D12Queus
1D3D12( IDXGISwapCl
1D3D12€ ID3D12Queu

1D3D12Q  1D3D12Q ID3D12Quew

IDXGISW: 1D3D12Que ID3D12Queur

1D3D12Q IDXGISWap ID3D12Queu:

1D3D12Q 1D3D12Que/IDXGISWapCl
1D3D12Q 1D3D12Que ID3D12Queur

ID3D12Q ID3D12Que ID3D12Queu

IDXGISW: 1D3D12Que ID3D12Queur

1D3D12Q IDXGISWap ID3D12Queur

1D3D12Q 1D3D12Que/IDXGISWapCl
1D3D12Q 1D3D12Qué ID3D12Queur
1D3D12Q 1D3D12Qu¢ ID3D12Queur

IDXGISW: 1D3D12Que ID3D12Queur

1D3D12Q IDXGISWap ID3D12Queur

1D3D12Q 1D3D12Que/IDXGISWapCl
1D3D12Q 1D3D12Qué ID3D12Queur

IDXGISwag ID3D12Queut
1D3D12Que IDXGISwapCh

1D: ID3D12Que ID3D12Queu|
1D3D12Qu ID3D12Que ID3D12Queut
IDXGISwa ID3D12Que ID3D12Queut
ID3D12QuIDXGISwap ID3D12Queut
1D3D12Qi ID3D12Que IDXGISwapCh
ID3D12Q ID3D12Que ID3D12Queu
1D3D12Qu ID3D12Que ID3D12Queut
IDXGISWa ID3D12Que ID3D12Queu
ID3D12QuIDXGISwap ID3D12Queut
1D3D12Qu ID3D12Que IDXGISwapCh
ID3D12Qu ID3D12Que ID3D12Queut|
1D3D12Qu ID3D12Que ID3D12Queut
IDXGISwa ID3D12Que ID3D12Queut
ID3D12QuIDXGISwap ID3D12Queut
1D3D12Qu ID3D12Que IDXGISwapCh
ID3D12Q 1D3D12Que ID3D12Queu

D3

ExecuteCommandLisi ID3D12Queu
ExecuteCommandLis! ID3D12Queu

174

)0 ps

1D3D12Que
IDXGISwap ID3D12Queu
1D3D12Que/ IDXGISwapCl
1L ID3D12Que ID3D12Queu
1D3D12( ID3D12Que ID3D12Queu
IDXGISv ID3D12Que ID3D12Queu
ID3D12( IDXGISwap ID3D12Queu
1D3D12( ID3D12Que IDXGISwapCl
ID3D12( ID3D12Que ID3D12Queu;
1D3D12( ID3D12Que ID3D12Queu
IDXGISV ID3D12Que ID3D12Queu
ID3D12( IDXGISwap ID3D12Queu
1D3D12( ID3D12Que IDXGISwapCl
ID3D12( ID3D12Que ID3D12Queu
1D3D12( ID3D12Que ID3D12Queu
IDXGISv ID3D12Que ID3D12Queu
ID3D12( IDXGISwap ID3D12Queu
1D3D12( ID3D12Que IDXGISwapCl
1D3D12( ID3D12Que ID3D12Queu

D

174

0.000 ps

ID3D12Q

IDXGISw: ID3D12Que

1D3D12Q IDXGISwap ID3D12Queue
1D3D12Q 1D3D12Que/ IDXGISwapCh
1D3D12Q ID3D12Que ID3D12Queue|
1D3D12Q ID3D12Que ID3D12Queue
IDXGISw: ID3D12Que ID3D12Queue
1D3D12Q IDXGISwap ID3D12Queue
1D3D12Q 1D3D12Que/ IDXGISwapCh
1D3D12Q ID3D12Que ID3D12Queue.
1D3D12Q ID3D12Que ID3D12Queue
IDXGISwi ID3D12Que ID3D12Queue
1D3D12Q IDXGISwap ID3D12Queue
1D3D12Q 1D3D12Que/ IDXGISwapCh
1D3D12G 1D3D12Que ID3D12Queug|

ExecuteCommandList
::ExecuteCommandList ID3D12Queue::ExecuteCommandList:

Zoom to selection

Frame 17421
105,000.000 pis

1D3D12Q

IDXGISw: ID3D12Qu

1D3D12Q IDXGISwaf ID3D12Queue
1D3D12Q ID3D12Qui IDXGISwapCh
ID3D12Q ID3D12Qur ID3D12Queu
1D3D12Q ID3D12Qur ID3D12Queue
IDXGISwi ID3D12Qu! ID3D12Queue
1D3D12Q IDXGISwar ID3D12Queue
1D3D12Q ID3D12Qu IDXGISwapCh
1D3D12( ID3D12Qui ID3D12Queu.

Reset zoom 0

120,000.000 ps

1D3D12C

IDXGISW 1D3D12Que

1D3D12( IDXGISwap ID3D12Quet
1D3D12( ID3D12Que IDXGISwapCh
1D3D12( 1D3D12Que ID3D12Quet

1D3D12Queue::E> ID3D12Queue::ExecuteCommant ID3D12Queue: :ExecuteCommandL ID3D12Queue::ExecuteCommandLis! ID3D12Queue::ExecuteCommandLists ID3D12Queue: :ExecuteCommandLis! ID3D12Queue: :ExecuteCommandList ID3D12Queue::ExecuteCommandList: ID3D12Queue::ExecuteCommandLis

Copy queue

1D

Compute oMA  [llwait Present

1D

1D

1D

Submit time: -

1D

Submit duration:

1D

- i GPU duration:

127,417.820 ps

Visualize command buffer submission, queue parallelism, and synchronization

8 GDC 2019
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RGP 1.2 - Most expensive events

The region
Queue
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0

Queue index 0

9 GDC 2019

25%

The most expensive 5% of events take 76% of all the time in the frame you are looking at.

45-50%

95-100%

u selected is approximately 90% of the frame. Your selection is 100% graphics events and 0% asynchronous compute events.

Event ID

629

612

610

611

Event

vkCmdDraw(3, 1, 0, 0)
vkCmdDrawIndexed(5760, 1, 0, 0, 0)
vkCmdDrawIndexed(5760, 1, 0, 0, 0)
vkCmdDrawIndexed(5760, 1, 0, 0, 0)
vkCmdDispatch(120, 68, 1)
vkCmdDrawIndexed(720, 1, 0, 0, 0)
vkCmdDrawIndexed(981, 1, 0, 0, 0)
vkCmdDrawIndexed(981, 1, 0, 0, 0)
vkCmdDrawIndexed(240, 1, 0, 0, 0)
vkCmdDrawIndexed(861, 1, 0, 0, 0)
vkCmdDrawIndexed(861, 1, 0, 0, 0)
vkCmdDrawIndexed(240, 1, 0, 0, 0)
vkCmdDrawIndexed(59886, 1, 0, 0, 0)
vkCmdDrawIndexed(4356, 1, 0, 0, 0)
vkCmdDrawIndexed(4800, 1, 0, 0, 0)
vkCmdDrawIndexed(4800, 1, 0, 0, 0)

vkCmdDrawIndexed(4476, 1, 0, 0, 0)

Duration

431.626 pis
397.662 s
336.987 s
311.736 ps
293.650 s
293.019 ps
291.853 ps
291.783 ps
291.748 ps
291.697 s
291.619 ps
291.590 ps
287.960 s
283.860 ps
274.255 ps
273.956 s

273.667 pis

User Event

Post Processing Pass / Depth of Field

Lighting Pass / Point Lights

Lighting Pass / Point Lights

Lighting Pass / Point Lights

SSAO Overlap / SSAO Compute
GBuffer Pass / Opaque Meshes
GBuffer Pass / Opaque Meshes
GBuffer Pass / Opaque Meshes
GBuffer Pass / Opaque Meshes
GBuffer Pass / Opaque Meshes
GBuffer Pass / Opaque Meshes
GBuffer Pass / Opaque Meshes
GBuffer Pass / Opaque Meshes
GBuffer Pass / Opaque Meshes
GBuffer Pass / Opaque Meshes
GBuffer Pass / Opaque Meshes

GBuffer Pass / Opaque Meshes

API shader stages a

v

Pinpoint optimization candidates

AMDZ1



RGP 1.2 - Barriers

10

GDC 2019

4% of your

med by barri

It is recommended that no more than 5 % of your frame be spent in barriers.

Show table legends

Event
Numbers

2404
2418
2419
2420..2424
2422
2423
2426
2427,
2430
2431
2432

2434

..2455
6..2457
2458..2459
2460..2461
2462
2463

2464

Duration

39.771 s

1.415 s

205.932 ps
13.099 ps
0.690 ps
0.597 ps
5.729 s
202.947 ps
0.647 pis

0391 ps

2.686 s

0.389 pis

0.000 ps
5.729 ps
0.064 ps
0.647 ps
0.391 ps
3111 ps

1.294 s

0.000 ps
5 s

95 s

0391 pis
2.686 s
0389 pis
1.278 s

0.672 s

Stalls Depth/Stencil HiZ Range pCC
Decompress Resummarize Decompress

=E
vs|ps|

The barriers in your application resulted 1823 cache invalidations and 552 cache flushes.
Flush

Invalidate
Instruction (1)
Level 1 Constant (K)
Level 1 Data(L1)
Level 2 (12)
Color (CB)
Depth (DB)

Fast Clear Init Mask Invalidated
Eliminate RAM

EEEEEE

[CH NN

Spot potential pipeline bubbles

182
172
198

Barrier

type

Reason for barrier

Blit synchronization.

AMDZ1



RGP 1.2 - Context rolls

There were 464 context rolls from 1358 draw calls. That's an average of 2.93 draw calls per context.

11

GDC 2019

None of these context rolls were completely redundant.

Redundant

I
Medium

State which causes context rolls

State

Context rolls

rasterizerDiscardEnable 394
polygonMode

cullMode

frontFace
depthBiasEnable
depthBiascClamp
depthBiasSlopeFactor 10
linewidth
v VkPipelineMultisampleState
rasterizationsamples 411

sampleShadingEnable

sampleMask
alphaToCoverageEnable 14

s ubnimalimanamtbctoamedlednda 0000000000000

Events
Queue

Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0
Queue index 0

Queue index 0

Event ID

1218

1220

1222

1216

1232

a7
a7
47
10
10
13

411
14

Event

vkCmdDrawIndexed(288, 1, 0, 0, 0)
vkCmdDrawIndexed(1088, 1, 0, 0, 0)
vkCmdDrawIndexed(168, 1, 0, 0, 0)
vkCmdDrawIndexed(1088, 1, 0, 0, 0)
vkCmdDrawIndexed(168, 1, 0, 0, 0)
CmdRenderPassColorClear()
vkCmdDrawIndexed(18, 1, 0, 0, 0)
vkCmdDraw(3, 1, 0, 0)
vkCmdDraw(3, 1, 0, 0)

vkCmdDraw(3, 1, 0, 0)

Find redundant state changes

Redundant
394 (100%)
47 (100%)
8 (17%)
37 (78%)
o (0%)

10 (100%)
o (0%)

11 (84%)
411 (100%)
411 (100%)
14 (100%)
14 (100%)

Duration

545,816 clk
340,743 clk
178,591 clk
869,080 clk
284,683 clk
143,713 ck
57,247 clk

263,956 clk
749,502 clk

574,735 clk

Completely redundant

2}

(0%)
(%)
(e%)
(%)
(0%)
(0%)
(0%)
(0%)

0 (0%)

(e%)
(%)
(e%)

Stall due to context rolls

100,857 clk
66,688 clk
65,605 clk
24,371 ck
4,056 clk

0 clk

0 clk

0 clk

0 clk

0 clk

Dispatches

Draw calls

Exclusive
(e%)
(e%)
(e%)
(0%)
(e%)
(e%)
(e%)
(e%)

0 (0%)
(e%)
(e%)
(0%)

AMDZ1
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RGP 1.2 - Wavefront occupancy

See how busy the GPU is

12 GDC 2019



RGP 1.2 - Wavefront occupancy

13

GDC 2019

sojydess

andwod ouAsy

Wavefront occupancy

Color by API shader stage

1,875,000 ck

Mvs

Color by command buffer

TCS & TES GS

Event timing Pipeline state

GCN shader stages

3,750,000 dk

cs

Event filter

[T ST 1% 1203

|| 1187 1204

HIMI| - o7

Generated unique colors per command buffer.

Zoom to selection

11,250,000 clk 13,125,000 ck 000 dk 8,7 0 dk 000 clk

Reset zoom 0

22,500,000 ck

Duration filter I—I ‘
Ji240 3 Ee. 1356 1398 1404

1413 1416

1210 +..‘._
1211
1212
1213
1214

|-

484 vkCmdDrawIndexed(2397, 3, 0, 884792, 1030) ' Selection duration: 79,103 clk | 23,8

See how busy the GPU is

75%

100%

-

B Y R e |

I
it

Hi
H

H
H
H
H
H
H
H
H
H
H
A
A
A
H
H
H

v

15,328 clk

AMDZ1

484 vkCmdDrawIndexed(2397, 3, 0, 884792 £

Launched from Queue index 0

Start time

End time
Duration

Work duration
Hardware context

Wavefronts

GCN wavefront distributio

Total wavefronts
Total threads

sjie3ep 9

4,590,035 clk
4,669,138 clk
79,103 clk
79,103 clk

5

49 (41.18%)
70 (58.82%)

119
5,658

GCN shader stage timeline

API Shader VGPR
Vs 39 (40)
Tcs

GS

SGPR LDS
29(32) - 6/10

Occupancy

FS 36 (48)

CS}

Workload

Shader stages

TS TES s cs

Input primitives

Shaded vertices

Shaded control points
Tessellated vertices
Shaded primitives

Shaded expanded vertices
Shaded pixels

3,057
2,601



AMDZ1

RGP 1.2 - Wavefront occupancy

See how busy the GPU is

14 GDC 2019



AMDZ1

RGP 1.2 - Wavefront occupancy

H|||||| 1187 1204 1216

T 722 1210 1217
1211 1218
1212 } . ) ) ' .
1213 o : oo
1214

m== 3

!
Il

i
n
I
i
:
‘ \ FS
Il [l it primie ..
| Il s ;
I
i | B el vy
il e TR
[ | 2

See how busy the GPU is

15 GDC 2019



RGP 1.2 - Wavefront occupancy

olor by API shader stage ader stage oom to selectio Reset 200 -+ 84 vkCmdDrawIndexed(2397, 3, 0, 884792

Launched from Queue index 0

0ol Start time 4,590,035 clk
End time 4,669,138 clk
Duration 79,103 clk

Q Work duration 79,103 clk

Hardware context 5

1 | ! ‘ Wavefronts

GCN wavefront distribution:

SurfS wavefronts -
o PrimS wavefronts -
5 VS wavefronts 49 (41.18%)
3 PS wavefronts 70 (58.82%)
CS wavefronts -

Total wavefronts 119
Total threads 5,658

GCN shader stage timeline

86 1236 1240 1356 1398 1404 1413 1416 ——————————————
—
0 1271 77|

API Shader VGPR SGPR LDS Occupancy
39 (40) 29(32) 6/10

Workload

Shader stages

TS TES s cs

Input primitives 799
Shaded vertices

Shaded control points

Tessellated vertices -
Shaded primitives -
Shaded expanded vertices 3,057
Shaded pixels 2,601

See how busy the GPU is

16 GDC 2019
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RGP 1.2 - Event timing

Wavefront occupancy Event timing Pipeline state

Collapse tree Group by pass Color by queue . . Zoom to selection Reset zoom

3,000.000 ps 75.000 ps 3,750.000 s 2 4,500.000 ps 4,875.000 ps 5,250.000 s

coerereebecececeeebeereceecceccen beccecoe beceecceecbeeoececboecceeco bececce e beeeoeeeee b I \‘HH
v Color pass 1 =1 164.523 s

655 DrawInstanced(3, 1, 0, 0)

v

657 CmdFastClearEliminate()

v Color pass 2 [ 314.727 ps

659 DrawIndexedInstanced(36, 1, 0, 0, |7 16.511 ps

660 DrawIndexedInstanced(36, 1, 0, 0, |7 19.814 ps

661 DrawIndexedInstanced(36, 1, 0, 0, |1 28.
1,0,0 |

10,0

662 DrawlIndexedInstanced(36, 1, 0,
663 DrawIndexedInstanced(36, 1, 0,

a

)
)
)
)
)

q

665 CmdFastClearEliminate()
666 CmdFastClearEliminate
667 CmdFastClearEliminate()
0.304 ps
v Depth-only pass 1 3.766 s
669 Drawlnstanced(3, 1, 0, 0)

0.297 ps
v Async-compute pass 0 1 1,173.2% s
0.126 ps
672 Dispatch(120, 68, 1) 826.994 s

5.007 ps

1050 Dispatch(480, 270, 1)

5.230 ps

v Depth-only pass 2 =1 106.730 s

674 ClearDepthStencilView() | 0.813 ps
675 DrawIndexedInstanced(2145, 1, 0, 0, 0) 10451 ps
676 DrawIndexedInstanced(31740, 1, 0, 0, 0) 10.956 pis
677 DrawIndexedInstanced(1257, 1, 0, 0, 0)
678 DrawIndexedInstanced(5208, 1, 0, 0, 0)
679 DrawIndexedInstanced(12726, 1, 0, 0, 0)
680 DrawIndexedInstanced(1092, 1, 0, 0, 0) 7.596 ps
681 DrawIndexedInstanced(2904, 1, 0, 0, 0) 10.617 ps
682 DrawIndexedInstanced(6720, 1, 0, 0, 0) 9.824 s
683 DrawIndexedInstanced(11988, 1, 0, 0, 0)
684 DrawIndexedInstanced(1248, 1, 0, 0, 0) 8.028 s
685 DrawIndexedInstanced(672, 1, 0, 0, 0) 9.987 s
686 DrawIndexedInstanced(1692, 1, 0, 0, 0) 10.594 s
687 DrawIndexedInstanced(3540, 1, 0, 0, 0) 13.804 s
688 DrawlIndexedInstanced(192, 1, 0, 0, 0) 9.006 ps
689 DrawIndexedInstanced(2145, 1, 0, 0, 0) 8.265 s
690 DrawIndexedInstanced(31740, 1, 0, 0, 0) 18.606 s
691 DrawIndexedInstanced(1257, 1, 0, 0, 0) 11.359 ps

Understand the cost of GPU work in your frame

17 GDC 2019



RGP 1.2 - Pipeline state

Wavefront occupancy Event timing Pipeline state

Collapse tree Group by user events

v Lighting Pass

v

590 CmdInitMaskRam()

592 CmdRenderPassColorClear()

Pre Post Color

Rastecizer Fragment Fragment Blending

v Ambient
594 vkCmdDraw(3, 1, 0, 0)
v Particle Systems
595 vkCmdDrawlIndexed(6144, 1, 0, 0,

1,0,0,0)
596 vkCmdDrawlIndexed(3072, 1, 0, 0, 0) Wavefronts and threads
597 vkCmdDrawlIndexed(3072, 1, 0, 0, 0)

1,0,0,0)

598 vkCmdDrawIndexed(3072 Total wavefronts Total threads Average wavefront duration Average threads per wavefront

v Point Lights 2,335 145,496 12,515 clk 62
599 vkCmdDrawIndexed(5760,
600 vkCmdDrawIndexed(5760,
601 vkCmdDrawIndexed(5760,
602 vkCmdDrawIndexed(5760,
603 vkCmdDrawIndexed(5760,
604 vkCmdDrawIndexed(5760,
605 vkCmdDrawlIndexed(5760,
606 vkCmdDrawlIndexed(5760,
607 vkCmdDrawlIndexed(5760,
608 vkCmdDrawlIndexed(5760,
609 vkCmdDrawIndexed(5760,
610 vkCmdDrawlIndexed(5760,
611 vkCmdDrawlIndexed(5760, 1, 0,
612 vkCmdDrawlIndexed(5760, 1, 0, 0,

’

1 Y Yy

’

Per-wavefront resources
Vector registers Scalar registers Uses scratch memory
32 (32 allocated) 68 (80 allocated) @Dc

’

’

’

’

Theoretical wavefront occupancy

’
r

1
1
1
1
1
1
1
1
1
1
1
1
1 The occupancy of this shader is limited by its vector register usage.
1

0,0,0
0,0,0
0,0,0
0,0,0
0,0,0
0,0,0
0,0,0
0,0,0
0,0,0
0,0,0
0,0,0
0,0,0
0,0,0
0,0,0

)
)
)
)
)
)
)
)
)
)
)
)
)
)

This shader could potentially run 8 wavefronts out of 10 wavefronts per SIMD.

614 CmdFastClearEliminate()
v Refraction Pass |

v
616 CmdInitMaskRam() However, if you reduced vector register usage by 4 you could run another wavefront.

618 CmdRenderPassColorClear()

v Composite Buffer Copy
620 vkCmdDraw(3, 1, 0, 0)
v Transparent Meshes

Expose pipeline state and GPR consumption

18 GDC 2019
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RGP 1.2 - RenderDoc €<-> RGP interop

w Tools_Holp
Frome #7971

Totwe e X | 3 e sote 3 [ Y s ot X[ o i

QucueS iV o
ekQueusSubmi 1))

CdBegickerder

CondEndenderP
s

> vetdueu

CmdDind
mindindesgufer

VCmdDrawindexed

Understand correlation

19 GDC 2019

opoin

< EveNTs

Event timing Pipaline state
Color der stages Zoom to salection et z00m

Calor by queue

ction duraion: 27,036 s 4812

Triangle List

between rendered scene €—-> GPU work

92 vkCi
e

Total wavefronts
Totalthreads

“mdDrawIndexed(49284, 1, 0, 0, 0)

4484791 s

3,890
177,926

GCN shader stage timeline

A Shader Vet

som s ocoupancy

AMDZ1
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Cool, but | want more!

—Wavefront shader execution?

—How do my shaders translate to GCN ISA?

—Can you give me information about my render targets?
—Enhanced user marker visualization?

~What if I'm a compute-only developer?

Pe

20 GDC 2019



So what’s new?

GDC 2018

RGP 1.2

RenderDoc interop

21 GDC 2019
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So what’s new?

GDC 2018

RGP 1.2 RGP 1.3

RenderDoc interop

Render & depth targets

22 GDC 2019
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So what’s new?

GDC 2018

RGP 1.2

RenderDoc interop

Render & depth targets OpenCL™ support

23 GDC 2019
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So what’s new?

GDC 2018 GDC 2019

RGP 1.2

RenderDoc interop

Render & depth targets OpenCL™ support Instruction timing
Shader ISA
User marker display

24 GDC 2019



RGP 1.3 - Render & depth targets

AR RN RN

Color

Color RT #2
Color RT #1
Color RT #0

Depth

Depth RT #0
Other

Expand tree

Name

Color RT #0
Color RT #1
Color RT #2
Depth RT #0
Depth RT #1
Color RT #3
Color RT #4
Color RT #5
Color RT #6
Color RT #7
Color RT #8

Color RT #9

25 GDC 2019

Group by target

47

Compute

Format
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16_SFLOAT
VK_FORMAT_D32_SFLOAT_S8_UINT
VK_FORMAT _| SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R8G8B8A8_UNORM

pass #
14,625.000 ps

Depth RT #1

197

Compute

Select columns

Height Draw calls
1080
1080
1080
1080

512

Cerrrcreeberrreecbrrroreeborcccoecboerrrroc b

poveres

Compression

ON
ON
ON
ON
ON
ON
OFF
OFF
ON
ON
OFF
OFF

us

NERRRRRRRRARRRRENERE

Color RT #3
Color RT #3 Color RT #3
Color RT #3  Color RT #3
Color RT #3

Depth RT #0
Depth RT #0 Depth RT #0
Depth RT #0 Depth RT #0
Depth RT #0  Depth RT #0
Depth RT #0 Depth RT #0
Depth RT #0
Depth RT #0

Sample count
1
1
1

0/52

406 / 406 (100.0%)

0/

0/2
0/1
0/1
0/1
0/1
0/1

Out of order draw calls

Color RT #0

Depth RT #0

Duration
680.296 ps
365.772 pis
365.772 pis
667.100 pis
711.623 pis
2,140.486 pis
77.042 ps
17.560 ps
9.043 ps
7.634 ps
65.890 ps

164.295 ps

Understand all your render targets

Color RT #3

Reset zoom

16,500.000 pis

16,875.000 ps

Color RT #9

Depth RT #0

AMDZ1



RGP 1.3 - Render & depth

Color pass #0 Compute pass #0 Depth pass #( Depth pass #1

13,875.000 ps 14,250.000 ps 14,625.000 ps

\I\‘\I\HI\H‘H\HHI\‘\IHIHH‘HH\HI\‘IIHIHH‘HHHII\‘IH\IHH‘HHHI\
Color

Color RT #2
Color RT #1
Color RT #0

Depth

Depth RT #0 Depth RT #1 Depth RT #1 |

Other

197
42 Compute

Compute

Interactive timeline
— Three sections - color, depth, other
— Displays when gfx/compute passes begin/end

AMDZ1

targets

Reset zoom 0 Q

Depth pas Color pass #8 Color pass Color pass #10

15,375.000 ps 15,750.000 ps 16,125.000 ps 16,500.000 ps 16,875.000 ps

\‘IHH\H\‘HHHIH‘IHIHH\‘HHHIH|IHIHH\‘H]HIIH|HHHH\‘HIHIH\|HIHHH‘\]\

Color RT #3
Color RT #3 Color RT #3
Color RT #3  Color RT #3

Color RT #3 Color RT #0 Color RT #3 | ]| Color RT #9

Depth RT #0
Depth RT #0  Depth RT #0
Depth RT #0  Depth RT #0
Depth RT #0 Depth RT #0
Depth RT #0 Depth RT #0
Depth RT #0
Depth RT #0 Depth RT #0 Depth RT #0

— Hooked up to other RGP panes via context menu
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RGP 1.3 - Render & depth targets

Reset zoom 0 Q

Color pass #0 Compute pass #0 Depth pass #( Depth pass #1 Depth pas Color pass #8 Color pass Color pass #10

13,875.000 ps 14,250.000 ps 14,625.000 ps 15,375.000 ps 15,750.000 ps 16,125.000 ps 16,500.000 ps 16,875.000 ps

Color RT #3
Color RT #2 Color RT #3 Color RT #3
Color RT #1 Color RT #3  Color RT #3
Color RT #0 Color RT #3 Color RT #0 Color RT #3

Depth RT #0
Depth RT #0  Depth RT #0
Depth RT #0  Depth RT #0
Depth RT #0 Depth RT #0
Depth RT #0 Depth RT #0
Depth RT #0

Depth RT #0 Depth RT #1 Depth RT #1 | Depth RT #0 Depth RT #0 Depth RT #0
Other
197

42 Compute

Compute

Interactive timeline
— Three sections - color, depth, other
— Displays when gfx/compute passes begin/end
— Hooked up to other RGP panes via context menu
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RGP 1.3 - Render & depth

Color pass #0 Compute pass #0 Depth pass #( Depth pass #1

13,875.000 ps 14,250.000 ps 14,625.000 ps

\I\‘\I\HI\H‘H\HHI\‘\IHIHH‘HH\HI\‘IIHIHH‘HHHII\‘IH\IHH‘HHHI\
Color

Color RT #2
Color RT #1
Color RT #0

Depth RT #0

42 Compute

Compute

Interactive timeline
— Three sections - color, depth, other
— Displays when gfx/compute passes begin/end

AMDZ1

targets

Reset zoom 0 Q

Depth pas Color pass #8 Color pass Color pass #10

15,375.000 ps 15,750.000 ps 16,125.000 ps 16,500.000 ps 16,875.000 ps

\‘IHH\H\‘HHHIH‘IHIHH\‘HHHIH|IHIHH\‘H]HIIH|HHHH\‘HIHIH\|HIHHH‘\]\

Color RT #3
Color RT #3 Color RT #3
Color RT #3  Color RT #3
Color RT #3 Color RT #0 Color RT #3

Depth RT #0
Depth RT #0  Depth RT #0
Depth RT #0  Depth RT #0
Depth RT #0 Depth RT #0
Depth RT #0 Depth RT #0
Depth RT #0
Depth RT #0 Depth RT #0 Depth RT #0

— Hooked up to other RGP panes via context menu
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RGP 1.3 - Render & depth

Color pass #0 Compute pass #0 Depth pass #( Depth pass #1

13,875.000 ps 14,250.000 ps 14,625.000 ps

\I\‘\I\HI\H‘\\\JH\I\‘\I\\I[\H‘HH\HI\‘IIHIHH‘HHHII\‘IH\IHH‘HHHI\
Color

Color RT #2
Color RT #1
Color RT #0

Depth

Depth RT #0

42 Compute

Compute

— Three sections - color, depth, other
— Displays when gfx/compute passes begin/end

AMDZ1

targets

Reset zoom 0 Q

Depth pas Color pass #8 Color pass Color pass #10

15,375.000 ps 15,750.000 ps 16,125.000 ps 16,500.000 ps 16,875.000 ps

\‘IHHH\\‘HHHIH‘IHIHH\‘H]\HIH|IHIHH\‘H]HIIH|HHHH\‘HIHIH\|HIHHH‘\]H

Color RT #3
Color RT #3 Color RT #3
Color RT #3  Color RT #3

Color RT #3 Color RT #0 Color RT #3 | ]| Color RT #9

Depth RT #0
Depth RT #0  Depth RT #0
Depth RT #0  Depth RT #0
Depth RT #0 Depth RT #0
Depth RT #0 Depth RT #0
Depth RT #0
Depth RT #0 Depth RT #0 Depth RT #0

— Hooked up to other RGP panes via context menu
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RGP 1.3 - Render & depth targets

Group by target Select columns

30

Expand tree

Name

Color RT #0
Color RT #1
Color RT #2
Depth RT #0
Depth RT #1
Color RT #3
Color RT #4
Color RT #5
Color RT #6
Color RT #7
Color RT #8
Color RT #9

Format
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16_SFLOAT
VK_FORMAT_D32_SFLOAT_S8_UINT
VK_FORMAT_D32_SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R16G16B16A16_SFLOAT
VK_FORMAT_R8G8B8A8_UNORM

— Dimensions and format

— Draw and sample counts

— Duration

GDC 2019

Optimizations

Height Draw calls
1080
1080
1080
1080
512
1080
540
270
270
270
1080
1080

Compression

ON
ON
ON
ON
ON
ON

Sample count
1
1
1

Out of order draw calls
0/33

0/30

0/30

0/52

406 / 406 (100.0%)
0/13

0/2

0/1

0/1

0/1

0/1

0/1

Duration
680.296 pis
365.772 s
365.772 s
3,667.100 ps
711.623 pis
2,140.486 ps
77.042 ps
17.560 ps
9.043 ps
7.634 ps
65.890 ps
164.295 ps

AMDZ1



RGP 1.4 - OpenCL™ support

File Help

4 EVENTS

Wavefront occupancy Event timing Pipeline state

Zoom to selection Reset zoom 0

Color by shader engine

0.000 ps 1,875.000 ps 3, 00 ps 5,625.000 ps 7,500.000 ps 9,375.000 ps 11,250.000 ps 13,125.000 ps 15,000. ps 16,875.000 ps 18,750.000 ps 25.000 ps 22,500.(

|HH\HH‘HH\HH‘H\HHH‘\HHHH‘HH\HH‘HH\HH‘H\HHH‘HHHHI‘\HHHH‘HH\HH‘H\HHH‘HHHH\‘\HHHH‘HH\HH‘\HHHH‘HHHH\‘\HH\H\‘\HH\\H‘\HHHH‘\\HHH\‘\\HHH\|H\H\\H|H\HHHMHHHH[\HHH 100%

50%

L
|

l
|
ot ) \

l |
I| 75%

B 25%

0%

Mseo se1 [lse2 [MsEs3

Color by event
m 12 14| 3032 42 44 |60
t

- .. f

Generated unique colors per event. 68 clEnqueueNDRangeKernel("intersect_main") | Selection duration: 2,834.155 ps | 23,178.170 ps

— RGP minus the graphics-only stuff

68 clEnqueueNDRangeKernel("intersect_mai 5

Launched from Queue index 1

Start time

End time
Duration
Work duration

Wavefronts

GCN wavefront distribution:

Total wavefronts
Total threads
Avg threads per wavefront

API Shader VGPR
cs 60

— Set number of kernels, and capture!

31 GDC 2019

13,877.355 ps
16,711.509 ps
2,834.155 ps
2,834.155 ps

15,360
083,040
64

LDS
1024

siieyep apIH

Occupancy
4/10

— Developer panel now detects OpenCL™ applications

AMDZ1
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Planned for RGP 1.5.x

Pipeine state

Information

Wavefront occupancy Event timing Pipeline state Instruction timing

Vertex Shader Event: 455 Zoom to selection | Reset zoom | @

0dk 187 dk 375 ck 2 clk 750 clk 937 ck 1,1
Hit count Avg duration (clk) Duration pct
‘\\H\H\\‘I\\H\\\\|J\\\\\H\lH\\\\I\\‘\\H\I\\\‘\\II\\\H‘\H\\\\\\|\\H\\\\I‘\\\HHII‘\\\\\I\\\‘HHIHH‘HHH\H‘H
s_getpc b64, s[0:1] I
s_mov_b32, s8, s5
s_mov_b32, s9, sl
s_load_dwordx4, s[8:11], s[8:9], 0x0
_add_u32_e32, v0, s6,
s_1shl_b32, s0, s2, 4
s_1shl4_add u32, s3, s2, 16
s_1shl4_add u32, s5, s2, 32
s_waitent, lgkment(0)
tbuffer_load format_xyz, v[0:3], v0, s[8:11]
s_mov_b32, s6, s4
s_mov_b32, s7, sl
s_load dwordx4, s[8:11], s[6:7], 0x10
s_waitent, lgkment(0)
s_buffer_ load dwordx4, s[12:15], s[8:11], sO
s_buffer_load_dwordx4, s[16:19], s[8:11], s3
s_buffer load dwordx4, s[4:7], s[8:11], s5
s_1shl4_add u32, s0, s2, 48
s_buffer_ load dwordx4, s[0:3], s[8:11], sO
s_waitent, 0

Shader ISA O

® oe

e;p, ;osOT v2, v3, v0
exp, param0, off, off, off
s_endpgm

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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Planned for RGP 1.5.x - Instruction timing

Wavefront occupancy Event timing Pipeline state Instruction timing

Vertex Shader Event: 455 Zoom to selection | Reset zoom | @)

0 dk 187 clk 375 dk 562 dk 750 dk 937 clk 1,1
Hit count Avg duration (clk) Duration pct
‘\\\H\\\\‘\\[I\HH‘HH[IIII‘HHH[II IIH\\H|||||||||H|||||||||]‘\\H||||||]\H\\H||||]\\\\\\‘HI]H\H‘HHHH\‘H
s_getpc _b64, s[0:1] |
s_mov_b32, s8, s5
. s9,
8:11], s[8:9], 0x0
v id u32 v0, s6, vO0
s_lshl b32, s0, s2, 4
s_1shl4_add u32, s3, s2, 16
s_1shl4_add u32, s5, s2, 32
s_waitent, lgkment(0)
tbuffer_ load_ format_xyz, v[0:3], vO0,
s_mov_b32, s6, s4
s_mov_b32, s7, sl
s_load dwordx4, s[8:11], s[6:7], 0x10
s_waitent, lgkment(0)
s_buffer load dwordx4, s[12:15], s[8:11], sO
s_buffer_ load dwordx4, s[16:19], s[8:11], s3
s_buffer load dwordx4, s[4:7], s[8:11], s5
s_1shl4_add u32, s0, s2, 48
s_buffer load dwordx4, s[0:3], s[8:11], sO
s_waitent, v )

e;p , ;os 0 ,_ 2 , vO0
exp, param0, off, off,
s_endpgm

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Top-down program execution See instruction durations
Find which part of your program is hot Functional unit utilization (VALU, SALU, LDS)

Available for all shader stages Does not require shader modification
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Planned for RGP 1.5.x - Instruction timing

34

GDC 2019

Wavefront occupancy Event timing

Vertex Shader Event: 455

Hit count Avg duration (clk)

E¥pC bo4, SLUT
S_mov_b32, s8, s5
s_mov_b32, s9, sl
4 8:11], s[8:9], 0x0
x 0, s6, vO0
s_lshl b32, s0, s2, 4
s_1shl4_add u32, s3, s2, 16
s_1shl4_add u32, s5, s2, 32
s_waitent, lgkment(0)
tbuffer_ load_format_xyz, v[0:3
s_mov_b32, s6, s4
s_mov_b32, s7, sl
s_load dwordx4, s[8:11], s[6:7], 0x10
s_waitent, lgkment(0)
s_buffer load dwordx4, s[12:15], s[8:11], s(
s_buffer_load dwordx4, s[16:19], s[8:11], s3I
s_buffer load dwordx4, s[4:7], s[8:11], s5
s_1shl4_add u32, s0, s2, 48
s_buffer load dwordx4, s[0:3], s[8:11], sO
s_waitent, )
32 sl2,

s13,

sl4,

sl5,

exp, pos0,
exp, param0, off, off, off
gndpgm

Top-down program execution

Find which part of your program is hot

Available for all shader stages

Pipeline state

Duration pct

Instruction timing

0 ck 187 dk

‘IH\\\\\\\‘\\[I\HH‘HH[IIII‘HHH[II

Zoom to selection | Reset zoom |

375 dk 562 dk 750 dk 937 dk 1,1

IIH\\\[||||I||||Hlllllllll]‘\\HII||||]\\\\\H||||]\\\\\\‘HI]H\H‘\HHHH‘H

See instruction durations

Functional

unit utilization (VALU, SALU, LDS)

Does not require shader modification
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Planned for RGP 1.5.x - Instruction timing
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Wavefront occupancy Event timing Pipeline state

Vertex Shader Event: 455

Hit count Avg duration (clk) Duration p

s_getpc _b64, s[0:1]
s_mov_b32, s8, s5
s_mov_b32, s9, sl
4 8:11], s[8:9], 0x0
y 0, s6, vO0
s_lshl b32, s0, s2, 4
s_1shl4_add u32, s3, s2, 16
s_1shl4_add u32, s5, s2, 32
s_waitent, lgkment(0)
tbuffer_ load_format_xyz, v[0:3
s_mov_b32, s6, s4
s_mov_b32, s7, sl
s_load dwordx4, s[8:11], s[6:7], 0x10
s_waitent, lgkment(0)
s_buffer load dwordx4, s[12:15], s[8:11], s§!
s_buffer_load_dwordx4, s[16:19], s[8:11], s§I
s_buffer load dwordx4, s[4:7], s[8:11], s5 ]
s_1shl4_add u32, s0, s2, 48
s_buffer load dwordx4, s[0:3], s[8:11], sO
s_waitent, )
32 sl2,

s13,

sl4,

sl5,

exp, pos0,
exp, param0, off, off, off
s_endpgm

Top-down program execution

Find which part of your program is hot

Available for all shader stages

Instruction timing

0 ck 187 dk

!H\\\\\\\‘\\[I\HH‘HH[IIII‘HHH[II

Zoom to selection | Reset zoom |

375 dk 562 dk 750 dk 937 dk 1,1

IIH\\\[||||I||||Hlllllllll]‘\\HII||||]\\\\\H||||]\\\\\\‘HI]H\H‘\HHHH‘H

See instruction durations

Functional

unit utilization (VALU, SALU, LDS)

Does not require shader modification
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Planned for RGP 1.5.x - Instruction timing

Wavefront occupancy Event timing Pipeline state Instruction timing

Vertex Shader Event: 455 Zoom to selection | Reset zoom | @)

375d 02c 0c c
Hit count

H\‘\\[I\HH‘HH[IIII‘HHH[II IIH\\\[||||I||||Hlllllllll]‘\\HII||||]\\\\\H||||]\\HH‘HI]H\HMHHHH

s_getpc _b64, s[0:1]
s_mov_b32, s8, s5
s_mov_b32, s9, sl
4 8:11], s[8:9], 0x0
y 0, s6, vO0
s_lshl b32, s0, s2, 4
s_1shl4_add u32, s3, s2, 16
s_1shl4_add u32, s5, s2, 32
s_waitent, lgkment(0)
tbuffer_ load_format_xyz, v[0:3
s_mov_b32, s6, s4
s_mov_b32, s7, sl
s_load dwordx4, s[8:11], s[6:7], 0x10
s_waitent, lgkment(0)
s_buffer load dwordx4, s[12:15], s[8:11], sO
s_buffer_ load dwordx4, s[16:19], s[8:11], s3
s_buffer load dwordx4, s[4:7], s[8:11], s5
s_1shl4_add u32, s0, s2, 48
s_buffer load dwordx4, s[0:3], s[8:11], sO
s_waitent, )
32 sl2,

s13,

sl4,

sl5,

exp, pos0,
exp, param0, off, off, off
s_endpgm

FRERRERERERERERERERERERERERERERERERERREERRRERRR

Top-down program execution See instruction durations
Find which part of your program is hot Functional unit utilization (VALU, SALU, LDS)

Available for all shader stages Does not require shader modification
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Planned for RGP 1.5.x - Shader ISA

37

GDC 2019

Pipeline state

Input
Assembler

Information

Shader ISA O

_amdgpu
s

Rasterizer Pre Post Color
Fragment Fragment Blending

See shader code in pipeline state

AMDZ1
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Planned for RGP 1.5.x - User marker display

Know what the GPU is working on
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Planned for RGP 1.5.x - User marker display

39

GDC 2019

SSAO Overlap

Shadow Pass

Point UW
R

SSAOPoint Li¢

Poi

F

%

%/

Know what the GPU is working on

PF

2PLP

Lighting Pass

P
s Po
ROLOBEOD

Point LW Point LigEaNeL
> G R B Y

Point Lights [0.668 ms

Post Processing Pass

Depth of Field Motion Bl

Bloom UfTonemapping

AMDZ1
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AGENDA Introduction

Microsoft® PIX for Windows AMD-specific GPU data
Rodrigo Urra
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What is Microsoft® PIX for Windows?

Graphics debugging and perf tuning tool
— DirectX® 12 on Windows 10

41

GDC 2019

Overview

Events
G

Queue ID

cal Machine X B miniengine_april2017.pix3 X

DrawIndexedInstanced
DrawIndexedInstanced
DraulndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawIndexedInstanced
DraulndexedInstanced
DraulndexedInstanced
precated - use pix3.h instead> Render Color
ResourceBarrier
DraulndexedInstanced
DraundexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DrawlndexedInstanced
DrawlndexedInstanced
DrawIndexedInstanced
DrawlIndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced

DrawIndexedInstanced

tManager:m_Command

84,322.09

miniengine_april2017.pix3 - PIX on Wint

Analysis s running.

Screen Shot

Global ID  CBColorAndMaskWritten ~ CBMemWritten

Duration (n:

AMD: ColorBuffer

x
BSlouPixelCount
AMD: ComputeShader
AMD: Depthandstencil
AMD: GeometryShader
AMD: GlobalMemory
AMD: HullShader
=372 AMD: Pixelshader
LA AMD: PrimitiveAsscmbly
9,602 AMD: TextureUnit
,123 AMD: Timing
1,188,494 AMD: VertexShader
11,840 D3D: Depth Occlusion
15 D3D: Pipeline Statistics

D D3D: Stream Output Statistics

8783 ms/ 188 ms [ ta7e3ms
am 10m

B Counters

AMD: ColorBuffer
AMD: ComputeShader
AMD: DepthAndstencil
AMD: GeometryShader
AMD: GlobalMemory

Fetchs.

AMD: HullShader
AMD: PixelShader

AMD: PrimitiveAssembly
AMD: TextureUnit

AMD: Timing

AMD: VertexShader

AMDZ1



What is Microsoft® PIX for Windows?

Graphics debugging and perf tuning tool

42

— DirectX® 12 on Windows 10

GDC 2019

Queue ID

cal Machine X B miniengine_april2017.pix3 X

DrawIndexedInstanced
DrawIndexedInstanced
DraulndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawIndexedInstanced
DraulndexedInstanced
DraulndexedInstanced
precated - use pix3.h instead> Render Color
ResourceBarrier
DraulndexedInstanced
DraundexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DrawlndexedInstanced
DrawlndexedInstanced
DrawIndexedInstanced
DrawlIndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced

DrawIndexedInstanced

tManager:m_Command

84,322.09

miniengine_april2017.pix3 - PIX on Wint

Analysis s running.

Screen Shot

ICBColorAndMaskWritten ~ CBMemWritten

Duration (n:

AMD: ColorBuffer

x
BSlouPixelCount
AMD: ComputeShader
AMD: Depthandstencil
AMD: GeometryShader
AMD: GlobalMemory
AMD: HullShader
=372 AMD: Pixelshader
LA AMD: PrimitiveAsscmbly
9,602 AMD: TextureUnit
,123 AMD: Timing
1,188,494 AMD: VertexShader
11,840 D3D: Depth Occlusion
15 D3D: Pipeline Statistics

D D3D: Stream Output Statistics

8783 ms/ 188 ms [ ta7e3ms
am 10m

B Counters

AMD: ColorBuffer
AMD: ComputeShader
AMD: DepthAndstencil
AMD: GeometryShader
AMD: GlobalMemory

Fetchs.

AMD: HullShader
AMD: PixelShader

AMD: PrimitiveAssembly
AMD: TextureUnit

AMD: Timing

AMD: VertexShader
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What is Microsoft® PIX for Windows?

Graphics debugging and perf tuning tool

43

— DirectX® 12 on Windows 10

GDC 2019

Overview

Events
G

Queue ID

cal Machine X B miniengine_april2017.pix3 X

nage

DrawIndexedInstanced
DrawIndexedInstanced
DraulndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawIndexedInstanced
DraulndexedInstanced
DraulndexedInstanced
precated - use pix3.h instead> Render Color
ResourceBarrier
DraulndexedInstanced
DraundexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DrawlndexedInstanced
DrawlndexedInstanced
DrawIndexedInstanced
DrawlIndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced

DrawIndexedInstanced

84,322.09

miniengine_april2017.pix3 - PIX on Wint

CBColorAndMaskWritten ~ CBMemWritten

8,411,

,790,288
9,602
,123
1,188,494

L1CacheMissCount

11,840

15
17,260

Duration (n:

AMD: ColorBuffer

x
BSLouPixelCount

AMD: ComputeShader

AMD: DepthAndstencil

AMD: GeometryShader

AMD: GlobalMemory

AMD: Hullshader

AMD: PixelShader

AMD: PrimitiveAssembly

AMD: TextureUnit

AMD: Timing

AMD: VertexShader

D3D: Depth Ocelusion

D3D: Pipeline Statistics

D3D: Stream Output Statistics

Analysis s running.

Screen Shot

AMD: ColorBuffer
AMD: ComputeShader
AMD: DepthAndstencil
AMD: GeometryShader
AMD: GlobalMemory

Fetchs.

AMD: HullShader
AMD: PixelShader

AMD: PrimitiveAssembly
AMD: TextureUnit

AMD: Timing

AMD: VertexShader
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Microsoft® PIX for Windows — AMD support

miniengine_april2017.pix3 - PIX on Wint

Graphics debugging and perf tuning too U
— DirectX® 12 on Windows 10 TeICT ' e 4

357 DrawIndexedInstanced
DrawIndexedInstanced
DraulndexedInstanced
DraulndexedInstanced

DrawIndexedInstanced

DrawIndexedInstanced 6 9 Duration (n:
[ ] ] DrawIndexedInstanced S 6 AMD: ColorBuffer
AMD-specific GPU data

DrawIndexedInstanced 3

M DrawIndexedInstanced: 121 3 AMD: ComputeShader

— Event list counters
DrawIndexedInstanced 28 AMD: GeometryShader

AMD: Hullshader

ixelCount

DrawIndexedInstanced
DrawIndexedInstanced
AMD: Pixelshader
DrawIndexedInstanced 3 0 6 ,790,288 AMD: Primitivessembly
DrawIndexedInstanced 32 9,602 AMD: TextureUnit
DrawIndexedInstanced 5 ,123 AMD: Timing
DrawIndexedInstanced 1,188,494 AMD: VertexShader
DrawIndexedInstanced 4 11,840 D3D: Depth Occlusion
DrawIndexedInstanced 0 15 D3D: Pipeline Statistics
e S D D3D: Stream Output Statistics
DrawIndexedInstanced
DrawIndexedInstanced
DrawIndexedInstanced
DrawIndexedInstanced

DrawIndexedInstanced

8783 ms/ 188 ms [ ta7e3ms
am 10m

B Counters

tManager:m_Command

AMD: ColorBuffer
AMD: ComputeShader
AMD: DepthAndstencil
AMD: GeometryShader
AMD: GlobalMemory

Fetchs.

AMD: HullShader
AMD: Pixeishader
AMD: PrimitiveAssembly
£$52200 AAMD: TextureUnit
AMD: Timing
AMD: VertexShader
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vent list counters:
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CBColorAndMaskWritten

®© ®© ®© ®© ®© ®© ®© ©

8,411,488
)

0

30,624
83,040
542,240

0

135,744
3,043,040
)

575,424
938,016
190,784

0

93,024

)
2,069,024
0

0

)

CBMemMWritten

®© ®© ® ®© ®© © ®© ©

8,411,488
)

)

30,624
83,040
542,240

)

135,744
3,043,040
)

575,424
938,016
190,784

)

93,024

)
2,069,024
)

)

)

Command-specific counters

FetchSize
734,720
27,744
827,968
103,360
168,064
629,696
202,752
2,651,648
24,335,648
(7]
989,120
317,280
1,109,024
816,640
616,320
581,216
3,431,616
186,240
998,848
1,813,568
682,592
1,728
999,168
63,488
2,538,976
1,137,536
281,792
2,816

L1CacheHitCount
101,208
640
26,497
2,156
9,893
9,194
3,281
4,343,124
13,051,739
%]

50,645
104,347
283,204
665,313
40,287
329,573
3,790,288
9,602
366,123
1,188,494
85,298

45
172,566
3,233
4,355,959
56,958
14,393

L1CacheMissCount
14,176
72
13,969
1,692
2,035
7,101
2,496
340,342
919,645
7]
15,731
7,215
24,084
25,718
13,256
14,293
228,053
3,006
27,752
79,544
11,840
15
17,260
1,025
223,388
17,840
4,565
32

L2Cac * Counters

4 Counter Sets
Default @& (¥)

4 Filter

Aa|.*

4 Counters

TOP to EOP Duration (ns)

v AMD: ColorBuffer

X

CBColorAndMaskRead
CBColorAndMaskWritten
CBMemRead
CBMemWritten
CBSlowPixelCount

AMD: ComputeShader
AMD: DepthAndStencil
AMD: GeometryShader
AMD: GlobalMemory
AMD: HullShader

AMD: PixelShader

AMD: PrimitiveAssembly
AMD: TextureUnit

AMD: Timing

AMD: VertexShader
D3D: Depth Occlusion
D3D: Pipeline Statistics
D3D: Stream Output Statistics

6 selected
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Microsoft® PIX for Windows — AMD

Graphics debugging and perf tuning tool __Seroll

Events

— DirectX® 12 on Windows 10

357 DrawIndexedInstanced
DrawIndexedInstanced
DraulndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced

DrawIndexedInstanced

AMD-specific GPU data s

DrawIndexedInstanced

M DrawIndexedInstanced

— Event list counters
DrawIndexedInstanced

DrawIndexedInstanced

DrawIndexedInstanced

DrawIndexedInstanced

- averront occupancy
DrawIndexedInstanced

DrawIndexedInstanced

DrawIndexedInstanced

DrawIndexedInstanced

DrawIndexedInstanced

DrawIndexedInstanced

DrawIndexedInstanced

DrawIndexedInstanced

DrawIndexedInstanced

DrawIndexedInstanced

tManager:m_Command

84,322.09
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miniengine_april2017.pix3 - PIX on Wint

CBColorAndMaskWritten ~ CBMemWritten L1CacheMissCount

8,411,

,790,288
9,602
,123
1,188,494
11,840

15
17,260

18783 ms/ 188 ms
om 10m

) support

Duration (n:

AMD: ColorBuffer

x
BSLouPixelCount

AMD: ComputeShader

AMD: DepthAndstencil

AMD: GeometryShader

AMD: GlobalMemory

AMD: Hullshader

AMD: PixelShader

AMD: PrimitiveAssembly

AMD: TextureUnit

AMD: Timing

AMD: VertexShader

D3D: Depth Ocelusion

D3D: Pipeline Statistics

D3D: Stream Output Statistics

Analysis s running.

Screen Shot

I 1eresms [ Counters

AMD: ColorBuffer
AMD: ComputeShader
AMD: DepthAndstencil
AMD: GeometryShader
AMD: GlobalMemory

Fetchs.

AMD: HullShader
AMD: PixelShader

AMD: PrimitiveAssembly
AMD: TextureUnit

AMD: Timing

AMD: VertexShader
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Wavefront occupancy - Execution stage utilization
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Microsoft® PIX for Windows — AMD

Overview

Events

— DirectX® 12 on Windows 10

— Event list counters
— Wavefront occupancy (SQTT
— High frequency counters (SPM

48 GDC 2019

cal Machine X o]

DrawIndexedInstanced
DrawIndexedInstanced
DraulndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawIndexedInstanced
DraulndexedInstanced
DraulndexedInstanced
precated - use pix3
ResourceBarrier

DraulndexedInstanced
DraundexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DrawlndexedInstanced
DrawlndexedInstanced
DrawIndexedInstanced
DrawlIndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced

DrawIndexedInstanced

84,3

miniengine_april2017.pix3

miniengine april2017.pix3 X

Global ID  CBColorAndMaskWritten ~ CBMemWritten

.h instead> Render Color

,790,288
9,602
,123
1,188,494
11,840

15
17,260

18783 ms/ 188 ms
om 10m

22.09

) support

Duration (n:

AMD: ColorBuffer

x
cs:

AMD: ComputeShader

AMD: DepthAndstencil

AMD: GeometryShader

AMD: GlobalMemory

AMD: Hullshader

AMD: PixelShader

AMD: PrimitiveAssembly

AMD: TextureUnit

AMD: Timing

AMD: VertexShader

D3D: Depth Ocelusion

D3D: Pipeline Statistics

D3D: Stream Output Statistics

Analysis s running.

Screen Shot

I 1eresms [ Counters

» AMD: ColorBuffer

» AMD: ComputeShader

» AMD: DepthAndstencil

» AMD: GeometryShader

i~ AMD: GlobalMemory
Fetchs.

» AMD: Hullshader
b AMD: PixeiShader

b AMD: PrimitiveAssembly
b AMD: TextureUnit

» AMD: Timing

} AMD: VertexShader
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High frequency counters (HFC): ns execution sampling

Counters

4 Counter Sets
Timeline Default & (*)
4 Filter
Aa|.*

4 Counters

X| Smooth AMD: ColorBuffer

AMD: ComputeShader
AMD: DepthAndStencil
AMD: GeometryShader

AMD: GlobalMemory

| FetchSize

L1CacheMissCount

[ L2CacheHitCount

. L2CacheMissCount

110,924.00

84,322.09

Gl
2
=
2
S
1
O
S

| WriteSize
AMD: HullShader
AMD: PixelShader
AMD: PrimitiveAssembly
AMD: TextureUnit
AMD: Timing
AMD: VertexShader
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Microsoft® PIX for Windows — AMD

Graphics debugging and perf tuning tool
— DirectX® 12 on Windows 10

AMD-specific GPU data
— Event list counters

— Wavefront occupancy (SQTT
— High frequency counters (SPM

Displayed data

— Includes driver + GPU work

Supported GPUs

Radeon™ VII, Radeon™ Vega, Radeon™
RX400 and RX500, and Intel Core i7

Radeon™ RX Vega M

50 GDC 2019

cal Machine X B miniengine_april2017.pix3 X

DrawIndexedInstanced
DrawIndexedInstanced
DraulndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawIndexedInstanced
DraulndexedInstanced
DraulndexedInstanced
precated - use pix3.h instead> Render Color
ResourceBarrier
DraulndexedInstanced
DraundexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DrawlndexedInstanced
DrawlndexedInstanced
DrawIndexedInstanced
DrawlIndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced
DrawIndexedInstanced
DrawlndexedInstanced
DraulndexedInstanced
DrawIndexedInstanced

DrawIndexedInstanced

mmandListManager:m.

84,322.09

71,206.00

Global ID
116

B

AndMaskWritten

135,744

043,040

CBMemWritten

miniengine_april20’ PIX on Wind.

L1CacheHitCount

101,208

18783 ms/ 188 ms

L1CacheMissCount

10ms

) support

to EOP Duration (ns)
AMD: ColorBuffer
ad

dirstten

AMD: ComputeShader
AMD: DepthAndstencil

AMD: GeometryShader
AMD: GlobalMemory

AMD: Hullshader

AMD: PixelShader

AMD: PrimitiveAssembly
AMD: TextureUnit

AMD: Timing

AMD: VertexShader

D3D: Depth Ocelusion

D3D: Pipeline Statistics

D3D: Stream Output Statistics

[ ta7e3ms

B Counters
unter sets

4 Fil

AMD: ColorBuffer
AMD: ComputeShader
AMD: DepthAndstencil
AMD: GeometryShader
AMD: GlobalMemory

AMD: HullShader
AMD: PixelShader

AMD: PrimitiveAssembly
AMD: TextureUnit

AMD: Timing

AMD: VertexShader
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AGENDA Introduction

Radeon™ GPU Analyzer RGA for Vulkan™

Amit Ben-Moshe A look at the Ul

The RGA layer
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What is Radeon GPU Analyzer

Compiler and code analysis tool

4 Generate GCN ISA and IL disassembly

A Retrieve shader HW resource usage

A Static analysis

4 Independent of the installed HW

4 Designed to support both Linux® and Windows®

A4 Designed to support multiple APIs: Vulkan™, DirectX®11, OpenGL™, OpenCL™
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Integration with other tools

4 RenderDoc, Shader Playground, CodeXL, Pyramid

Shader Playground Created by Tim Jones Updated on 2019-01-20

HLSL Compiler options #1 - Radeon GPU Analyzer v Disassembly

struct PSInput

float4 color : COLOR Compiler #1

Radeon GPU Analyzer v
float4 PSMain(PSInput input SV_TARGET
201
return input.color

ASIC

gfx900

Entry point

PSMain

Target profile

ps_50
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RGA 2.1 for Vulkan™

New approach for shader optimization

4 Uses the live AMD driver compiler rather than offline compiler:

= What you see is what you get
= Compiler updates as you update the driver

A Vulkan™ app creates and compiles \(ulkan'” pipelin}es
[

Shaders + State

\_Y_}

SPIR-V

T
( glslang )

T

54 GDC 2019 GLSL
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RGA for Vulkan™

Pipeline State Editor

The Vulkan graphics state for the current pipeline. State can be edited manually or intercepted from a Vulkan app using the RGA layer.

4 JSON representation

For more info about the RGA layer, refer to the RGA help manual.

= VkGraphicsPipelineCreatelnfo for graphics (.gpso) p——

reference

= VkComputePipelineCreatelnfo for compute minDepthBounds
maxDepthBounds
(.cpso) T
H . flags
4 Edit/Compose Vulkan™ state in Ul (ogicOpEnable

logicOp VK_LOGIC_OP_NO_OP
\ PpAttachments
v 0 VkPipelineColorBlendAttachmentState
blendEnable

srcColorBlendFactor VK_BLEND_FACTOR_ONE
dstColorBlendFactor VK_BLEND_FACTOR_ZERO
colorBlendOp VK_BLEND_OP_ADD
srcAlphaBlendFactor VK_BLEND_FACTOR_ONE
dstAlphaBlendFactor VK_BLEND_FACTOR_ZERO

alphaBlendOp VK_BLEND_OP_ADD
colorWriteMask (15) 1111

\v blendConstants
blendConstants[0]
blendConstants[1]

"dynamicStateCount": 2,
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The new RGA Ul

4 Select your API of choice

Q Radeon GPU Analyzer

Please select your target APIL:

Vulkan Description:

OpenCL Compile and analyze graphics and compute Vulkan pipelines, from SPIR-V or GLSL files.

[ ] Do not ask me again

Start RGA
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Create new graphics/compute pipeline

O Radeon GPU Analyzer - Vulkan
File Edit Build Help

Start by creating a graphics or START  SETTINGS
compute pipeline

Hello, welcome to the Radeon GPU Analyzer!

Start

Create new Vulkan graphics pipeline
Create new Vulkan compute pipeline

Recent
No recent sessions

Open .rga file from explorer...

Help

About RGA
Help manual
Getting started guide
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Add shaders

Q Radeon GPU Analyzer Vulkan Project - 20190211-152421

= Create template GLSL shader using RGA

= Load or drag & drop existing shader file
(GLSL / SPIR-V)

@ Pipeline state |
O Build settings |
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Edit GLSL / SPIR-V code

4 Syntax highlighting

A Find text

A Jump to line

4 Open header files (GLSL)

59

GDC 2019

/* Auto-generated with Radeon GPU Analyzer (RGA).*/
#version 450

#extension GL_GOOGLE_ include_directive : require
#extension GL_ARB _separate shader objects : enable

out gl PerVertex
{

vecd gl Position;

layout(location = @) out vec3 fragColor;

void main()

{

float x = -1.0 + float((gl VertexIndex & 1) << 2);
float y = -1.0 + float((gl VertexIndex & 2) << 1);

gl Position = vecd(x, y, 0, 1);

fragColor = vec3(1.0f, 0.0f, 0.0f);
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SPIR-V binary editing

4 Binary disassembled
4 Syntax highlighted
4 Edit and reassemble
4 Revert to original

60 GDC 2019

; SPIR-V
; Version: 1.0
; Generator: Khronos Glslang Reference Front End; 1
; Bound:

; Schema:

172

%1 =

OpCapability Shader
OpCapability ImageQuery
OpExtInstImport "GLSL.std.450"
OpMemoryModel Logical GLSL450

OpEntryPoint Fragment %main "main" %inUV %outFragColor

OpExecutionMode %main OriginUpperlLeft
OpSource GLSL 450

OpSourceExtension "GL_ARB_separate_shader_objects™
OpSourceExtension "GL_ARB_shading language 420pack”

OpName
OpName
OpName
OpName
OpName

OpName
OpName
OpName
OpName
OpName

%main "main"
%weight "weight"
%tex_offset "tex offset”

%samplerColor "samplerColor"
%UBO "UBO"

OpMemberName %UBO @ "blurScale"
OpMemberName %UBO 1 "blurStrength"

%ubo "ubo"
%result "result”
%inUV "inuv"

%i "i"

%outFragColor "[ijagscr=(®ealelyl"

OpDecorate %samplerColor DescriptorSet
OpDecorate %samplerColor Binding 1
OpMemberDecorate %UBO @ Offset @
OpMemberDecorate %UBO 1 Offset 4
OpDecorate %UBO Block

OpDecorate %ubo DescriptorSet 0
OpDecorate %ubo Binding ©

OpDecorate %inUV Location ©
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Configure the pipeline state

4 Graphical representation of the Vulkan™

4 Easy search and navigation

4
4

61

pipeline state as a tree

Filter the state
Edit the state

GDC 2019

Pipeline State Editor

The Vulkan graphics state for the current pipeline. State can be edited manually or intercepted from a Vulkan app using the RGA layer.

For more info about the RGA layer, refer to the RGA help manual.

v pColorBlendState
flags |O—
logicOpEnable D
logicOp VK_LOGIC_OP_NO_OP
\v pAttachments
v 0 VkPipelineColorBlendAttachmentState
blendEnable
srcColorBlendFactor VK_BLEND_FACTOR_ONE
dstColorBlendFactor VK_BLEND_FACTOR_ZERO
colorBlendOp VK_BLEND_OP_ADD
srcAlphaBlendFactor VK_BLEND_FACTOR_ONE
dstAlphaBlendFactor VK_BLEND_FACTOR_ZERO
alphaBlendOp

colorWriteMask (13) 1101

v blendConstants VK_COLOR_COMPONENT_R_BIT
[] VK_COLOR_COMPONENT_G_BIT
VK_COLOR_COMPONENT_B_BIT
VK_COLOR_COMPONENT_A_BIT

blendConstants[0]
blendConstants[1]
blendConstants[2]
blendConstants[3]

subpass

basePipelineIndex

\v VkPipelineLayoutCreateInfo
flags

Load pipeline state
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Configure the build settings

Type product name to filter
General Q Select Target GPUs

Target GPUs: gfx906 Search GPU architecture, compute capability, or product name: 550

| Predefined macros: | (. Product name Architecture  Compute capability

@) Add include directori AMD Embedded Radeon E9170 Series Graphics IPv8 gfx804
AMD Embedded Radeon E9171 Graphics IPv8 gfx804
AMD Radeon Pro WX 2100 Graphics IPv8 gfx804
AMD Radeon Pro WX 3100 Graphics IPv8 gfx804
Radeon 500 Series Graphics IPv8 gfx804
Radeon 540 Series Graphics IPv8 gfx804
Radeon 550 Series Graphics IPv8 gfx804
Radeon Pro WX 2100 Graphics IPv8 gfx804
Radeon Pro WX 3100 Graphics IPv8 gfx804
Radeon RX Vega M GH Graphics Graphics IPv8 gfx804
Radeon RX Vega M GL Graphics Graphics IPv8 gfx804

Additional include directories:

C:/VulkanSDK/1.1.92.1/

" " C:/Shaders/Vulkan
Vulkan runtime settings C:/Shaders/Vulkan/inc

C:/Shaders/Common/ir

Enable validation layers

Front-end compiler settings (glslang)

Additional glslang options:

Use alternative front-end compiler package:

[]
[]
[]
[l
[l
[l
L]
[]
[]
[]
L

Settings command line

--validation
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Build the pipeline

Radeon GPU Analyzer - Vulkan Project - 20190214-175827
File Edit Build Help

fine name: 20190214-175827 7 V' gfx906 (Vega) I V' Columns

/* Auto-generated with Radeon GPU Analyzer (RGA).*/ Address Opcode Operands Functional unit
#version 450 0 00 v_add_u32 /0, s3, vO tor ALU
0 y 2 y 0 tor ALU
#extension GL_GOOGLE_include_directive : require %) v 1 t Y v1 ctor
#extension GL_ARB_separate_shader_objects : enable 0 v C i vl, vi ctor

vert (src.vert)

out gl_Per‘Ver‘tex{

vec4d gl_Position;

};

I N N N N N N N NI NI

layout(location = @) out vec3 fragColor; 0Xx000028 / mov 2 v3, 1.0 Vector
0x00002C pos@, v1, v@, v2, v3 done Scalar Memory Varies
void main() 0x000034 param@, v3, v2, v2, off Scalar Memory  Varies
& Pipeline state 5 { 0x00003C Flow Control 1
float x = -1.0 + float((gl_VertexIndex & 1) << 2);
float y = -1.0 + float((gl_VertexIndex & 2) << 1);
gl _Position = vecd(x, y, 0, 1);

O Build settings

fragColor = vec3(1l.0f, 0.0f, 0.0f);

Resource usage | VGPRs: 4 / 256 | SGPRs: 7 / 104 | LDS: 0 / 32 KB | Scratch memory: 0B |
B

Build output

Building Vulkan project "20190214-175827" for gfx906

rga.exe -s vulkan --isa "C:\Users\abenmos\Documents\RadeonGPUAnalyzer\Projects\20190214-175827\Output\Clone0\disassem.txt"” --parse-isa --line-numbers --analysis "C:\Users\abenmos\Documents\RadeonGPUAnalyzer\Projects
\20190214-175827\Output\Clone0\resourceUsage.csv" -b "C:\Users\abenmos\Documents\RadeonGPUAnalyzer\Projects\20190214-175827\Output\Clone0\codeob]j.bin" --log "C:\Users\abenmos\AppData\Roaming\RadeonGPUAnalyzer\rga—-
€1i-20190214-155141.10g" --session-metadata "C:\Users\abenmos\Documents\RadeonGPUAnalyzer\Projects\20190214-175827\Output\Clone0\gfx906_cliInvocation.xml" --asic gfx906 --pso "C:/Users/abenmos/Documents/RadeonGPUAnalyzer/Projects/
20190214-175827/Clone0/Pipeline0.gpso” --vert "C:/Users/abenmos/Documents/RadeonGPUAnalyzer/Projects/20190214-175827/Clone0/src.vert”

Target GPU detected:
gfx906 (Vega)

Pre-compiling vertex shader file (C:/Users/abenmos/Documents/RadeonGPUAnalyzer/Projects/20190214-175827/Clone0/src.vert) to SPIR-V binary... succeeded.
Building for gfx906... succeeded.

Build succeeded
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Examine the disassembly and resource usage

4 Disassembly and resource usage in the same view ¥ @ses) | colms

Functional unit Cycles

4 Breaks down each instruction into its components o ST
vad_( ] :11], s[6:7], 0x00 Scalar Memory Varies
4 Color coding by instruction class 00001C  nov b33 o, 2
0 20 S s[@ , 0x00 Scalar Memory  Varies
. . . _wai Control Varies
4 Resource usage hazards highlighted as warnings pov0uaC < buffer losd twordhd  [16:23], (0:3], 0600 Scalar Memory  Vries
- o dword 3 calar Hemory  Varies
A Resource usage | VGPRs: 256 / 256 -> 29 spills | SGPRs: 79 / 102 | LDS: 0 / 64 K8 | Scratch memory: 120 B | Instruction | o[0:3], exso  Scalar i::g[i partes

e ; Vector ALU 4

ow Control Varies
or ALU

Resource usage | VGPRs: 35 / 256 | SGPRs: 58 / 104 | LDS: 0 / 64 KB | Scratch memory: 0B |
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How can | get my app’s shaders into RGA?

Use the RGA layer — beta feature

A Implicit Vulkan™ layer

A Serializes state and shaders for all pipelines

4 Can intercept specific pipelines if VK_EXT_DEBUG_MARKER is used
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Using the RGA Layer

A A A A A

66

Good idea to use VK_EXT_DEBUG_MARKER to name your objects

Identify your bottleneck pipeline using a profiler or debugger like RenderDoc
Suppose pipeline “blurOne” was identified as a bottleneck

Can you locate your shaders? Just drop them in RGA

Can’t locate shaders or don’t feel like manually editing the state?
= Use the RGA layer

% RGA Layer Launcher

Vulkan app

Executable C:\research\SaschaWillems'\Vulkan\bin\Release \bloom exe

GDC 2019

Open output folder
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s | Bloom

Home Share

177 New item ~ Select all
Select none
Pin to Quick New

vert selecti
folder Invert selection

This PC > Windows (C itput Bloom

¥ vulkan Example

Bloom (offscreen rendering)
rgaPso1_blurOne.gpso 2/5/2 59 Al C

2MD Radeon R7 Graphics
3.86 ms/frame (259 fps)
Y Settings

rgaPso1_blurOne_frag_main.spv
rgaPso1_blurOne_vert_main.spv

Bloom

1.00
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rop serialized files in RGA

Q Radeon GPU Analyzer - Vulkan Project - blurVert
File Edit Build Help

Pipeline name: blurVert
rgaPso1_blurOne.gpso N 3PS = o
] . . rt Pso1_bl y . ,
rgaPso1_blurOne_frag_main.spv 191 AN 5 o RerL(uanee Pv) .0
. ) . or: Khronos Glslang Reference Front En
rgaPso1_blurOne_vert_main.spv ) ) AN PV File 1 0
7 OpCapability Shader
OpExtInstImport "GLSL.std.450"
OpMemoryModel Logical GLSL450
OpEntryPoint Vertex %main "main" %outUV %gl_VertexIndex %_
OpSource GLSL 450
- L L OpSourceExtension "GL_ARB_separate_shader_objects"
rag (rg BL.in.spv) OpSourceExtension "GL_ARB_shading_language_420pack"

OpName %main “"main"

it OpName %outUV "outUV"
@pipehne state OpName %gl_VertexIndex "gl_VertexIndex"
OpName %gl_PerVertex "gl PerVertex"

OpMemberName %gl_PerVertex @ "gl Position"

OpName %_ "*"
£ Build settings OpDecorate %outUV Location @

OpDecorate %gl_VertexIndex BuiltIn VertexIndex
OpMemberDecorate %gl_PerVertex @ BuiltIn Position
OpDecorate %gl_PerVertex Block
%void = OpTypeVoid
%3 = OpTypeFunction %void
%float = OpTypeFloat 32
%v2float = OpTypeVector %float 2
%_ptr_Output_v2float = OpTypePointer Output %v2float
%outUV = OpVariable % ptr_Output_v2float Output
%int = OpTypeInt 32 1
%_ptr_Input_int = OpTypePointer Input %int
%gl_VertexIndex = OpVariable % ptr_Input_int Input
%int_1 = OpConstant %int 1
%int_2 = OpConstant %int 2
%vafloat = OpTypeVector %float 4

Build output

Disassembling SPIR-V binary: C:\LayerOutpu n\rgaPsol_b rt_vert_main.spv...

Disassembling SPIR-V binary: C:\LayerOutput\Bloom\rgaPsol blurVert_frag_main.spv...
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Build, tweak GLSL / SPIR-V, tweak pipeline state, repeat!

Q Radeon GPU Analyzer - Vulkan Project - blurVert

File Edit Build Hel
° L Aveememvewes /]

Bu"d projeCt Ctr|+Shiﬁ+B Address Opcode Operands A
Pipeline state F9 ; ) b

Pipeline : 0
ront End; 1 0x000004 s_mov_b3
Build settings  F8 s

SPIR-V 0x000008 _mov_b64 s[16:17], exec
0x00000C s_wagm_b64 exec, exec
0x000010 s_mov_b32 s@, s2
0x000014 s_mov_b32 sl, s7
1.450" 0x000018 s_load_dwordx8 s[4:11], s[0:1], ©x10
Bound: 172sL4s0 oy % ) 0 ¢ 32 2
3in "main" %inUV %outFragColor 0x000024
> SChema: (% iginUpperLeft 0x000028
OpSource GLSL 450 0x000030
OpSourceExtension "GL_ARB_separate_shader_objects" 0x000038
OpSourceExtension "GL_ARB_shading_language_420pack" 0x00003C
@Plpehne state 1 OpName %main "main” 0x000044
OpName %weight "weight" 0 048
OpName %tex_offset "tex_ offset" ¢ QA(
8 OpName %samplerColor "samplerColor" 0x000050
¥ build settings 1 OpName %UBO "UBO" 0 8
OpMemberName %UBO @ "blurScale" 0
OpMemberName %UBO 1 "blurStrength"

Version: 1

+Shift+C

) V_mo\ 0

[~_
tesc +

| frag (rgaPso1_bl...in.spv)

v2,
? s_waitent lgkment(0)
v2, v2, s[4:11] dmask:0x2
s[12:15], s[0:1], 0x00
1gkment(0)
s[2:3], s[12:15], 0x00
vment (0)

v2, V2

H s5~Generator:

image_get_resinfo
s_load_dwordx4
s_waitent
s_buffer_load_dwordx2
s_waitent

OpName
OpName
OpName
OpName
OpName

%ubo "ubo"

%result "result"”

%inUV "inUV"

%i i

%outFragColor "outFragColor"

\Clone0O\resourceUsage.csv" -b "C:\Users\abenmos\Documents\RadeonGPUAnalyzer\Projects\blurVert\Output\Clone0\codeob]j.

OpDecorate %samplerColor DescriptorSet @
OpDecorate %samplerColor Binding 1
OpMemberDecorate %UBO @ Offset @
OpMemberDecorate %UBO 1 Offset 4
OpDecorate %UBO Block

OpDecorate %ubo DescriptorSet 0
OpDecorate %ubo Binding @

OpDecorate %inUV Location @

8

1

5:7], s[4:11], s[12:15] dmask:0x7

in" --log "C:\Users\abenmos\AppData\Roaming\RadeonGPUAnalyzer\rga-cli-20190208-014810.1og" --session-metadata "C:

\Users\abenmos\Documents\RadeonGPUAnalyzer\Projects\blurVert\Output\Clone0\gfx906_clilnvocation.xml" --asic gfx90€é --pso "C:/Users/abenmos/Documents/RadeonGPUAnalyzer/Projects/blurVert/Clone0/Pipeline0.gpso” --vert "C:\LayerOutput
\Bloom\rgaPsol blurVert vert main.spv" --frag "C:\LayerOutput\Bloom\rgaPsol blurVert_ frag main.spv"

Target GPU detected:

gfx906 (Vega)

Building for gfx906...

succeeded.
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RGA for Vulkan — key takeaways

4 Compile through the live-driver

4 Edit GLSL source code or SPIR-V binaries

4 Edit Vulkan pipeline state with graphical editor

4 Extract state/shaders from apps with the layer — beta feature

4 Highlights VMEM, SMEM instructions, and excessive HW resource usage

A Runs on non-AMD configurations as well
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Thank you! Questions?

Information Contact
GPUOpen: Rodrigo.Urra@amd.com
RGP: Amit.Ben-Moshe@amd.com
RGA:
RenderDoc:

Microsoft® PIX:

Downloads
RGP:
RGA:
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71 GDC 2019


https://gpuopen.com/
https://gpuopen.com/gaming-product/radeon-gpu-profiler-rgp/
https://gpuopen.com/gaming-product/radeon-gpu-analyzer-rga/
https://renderdoc.org/
https://blogs.msdn.microsoft.com/pix/
https://github.com/GPUOpen-Tools/RGP/releases
https://github.com/GPUOpen-Tools/RGA/releases
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Disclaimer and Attribution

The information contained herein is for informational purposes only, and is subject to change without notice. This document may ,
contain technical inaccuracies, omissions and typographical errors, and AMD is under no obligation to update or otherwise correct this
information. Advanced Micro Devices, Inc. makes no representations or warranties with respect to the accuracy or completeness of
the contents of this document, and assumes no liability of any kind, including the implied warranties of noninfringement,
merchantability or fithess for particular purposes, with respect to the operation or use of AMD hardware, software or other products
described heréin. No license, including implied or arising by estoppel, to any intellectual property rights is granted by this document.
Terms and limitations applicable to the purchase or use of AMD’s products are as set forth in a signed agreement between the parties
or in AMD's Standard Terms and Conditions of Sale. GD-18

©2019 Advanced Micro Devices, Inc. All rights reserved. AMD, the AMD Arrow logo, Radeon and combinations thereof are
trademarks of Advanced Micro Devices, Inc. Microsoft, Windows and DirectX are registered trademarks of Microsoft Corporation.
Linux is a registered trademark of Linux Torvalds. Vulkan is a reéglstered trademark of The Khronos Group, Inc. OpenCL s a
trademark of Apple, Inc. used by permission from The Khronos Group. Other product names used in this publication are for
identification purposes only and may be trademarks of their respective companies.

Bloom.jpg on Slide 67 and Code Excerpted on Slide 68 and 69 are Copyright (c) 2016 Sascha Willems

Permission is hereby %ranted free of charge, to any person obtaining a qop_%/ of this software and associated documentation files (the
"Software"), to deal In'the Software without restriction, including without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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