DATA VISUALIZATION OF THE ‘
GRAPHICS PIPELINE:

TRACKING STATE WITH THBETATEVIEWER
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oData Visualizations assist humans with
visually.. These mechanisms rely on hum

Human Factors in Visualization Research, Melanie Tory & Torsten Moller
IEEE Transactions on Visualization and Computer Graphics Vol 10, No 1, Jan 2004.



GRAPHICS PIPELINE
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Vertex Shader

Geometry Shadet

Video Memory

Stream Output (Buffer
Texture
Constant Buffer)

Rastenzer

Pixel Shader

Output Merger

NVIDIA Confidential



oPuzE GRAPHICS PIPELINE

Input Assembler

Shader State —
Uniform Buffers —

Vertex Shader

Vertex Buffers —>
Index Buffers S Geometry Shadel
- Video Memory

(Buffer
Texture
Constant Buffer)

Tesselation State —> Stream Output

Rasterizer State —
Depth/Blend States —»

Rastenzer

Pixel Shader State —> N ——_—-
Framebuffer State — T——

Output Merger

Graphics State — ;
IS complex.
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Qaiin Mpaeka [MoctpoeHna Yeptéx Onepaumm Odopmnerve Axanus [apametpol Cepsuc Hactpoiika Bua Okno ?
- p - . - - . . . % . N 5
dERWNS- i id VAVV-F @ -39 L9 6|9 &R d e (8]

(P OcrosHOM

ealopoan 51 | G0LHaWAIOY oiHe W B8 | quetio y ag 3‘,

_3ajaiite Komat,

T-FLEX CAD, 2012. Image fronwikimedia commons.

CAD/Workstation Applications solve complex, real world problems




CPUBound: Traversal of CPU scenegraph, or
drawing setup, outweighs GPUrendering.

Many CAD/Professional Workstation applications
are CPUBound.

These are ideal candidates for next -gen APIs.



GPUmMRY PROFILING PRACTICE




GPUmMRY PROFILING PRACTICE

Modify

l Profile




GPUmMRY PROFILING PRACTICE
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APP l

. capture
replay L
StateViewer —
visualize
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GPUmMRY PROFILING PRACTICE

State Profiling
CPUTIMING  (Sequence)  Driver Timing GPU Timing
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API ]
APP l :
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. capture
replayL
visualize

see the sequence




ARERY GOALS

API Tracing
ldentify named buffers at the time of API calls.

Value Tracing
Ildentify which state arbitrary buffers belong to.
ldentify values inside named buffers.
ldentify values transferred by memcpy/map

Value-Delta Tracing
|ldentifies changes in values in the same buffer.
ldentifies when switching buffers with same value.

We want tools that identify all of the above.



APY EXAMPLE

' O |
B L0 9

Mool 0 IOl o o I 2 |

Simple

State A B A B B B A
Tracking

Value

Tracking INOR:EIONNO) B(3) B(5) B9 A(2)
Value- Created Same State (0) Changed Same Same Changed
Delta Created Buf Buf (B)  Buf (B) Buf

Tracking



ALY \/ISUALIZATION DESIGN

Colored rectangles map state values.

Value of this buffer stays the same for the
- first 4 draws. Then, value flip-flops between

2values. Colorsar e random. .
seeing patterns.

Colored flags map state value changes.

' Switch i app is switching to another buffer.

Reuse T app is reusing buffer from last draw, no
' switch.

t



LY ALGORITHM

PASS #1
Replay all API calls to determine state bins.
Example:
DXCreateBuffer How will it be used? Unknown until later.

|IASetVertexBuffer Now, we know it is a VBO.

PASS #2

Replay all API calls again, and record both input and output values.
Compress all values using a 128bit hash.
Assign colors and track deltas based on the hash.

Every API call specifies a unique state bin, named object, and value.



LY ALGORITHM

time

Map buffer
memcpy

e
some data

Map buffer
memcpy

e
other data

é

é

Assign hash Assign color

128-bit hash

—— 11—

—— A

Compare
to previous
state

Different,
give red flag
(due to Map)



LY \WHAT STATES TO TRACK?

O Shader 11 Vertex Buffer (1A Slot 2)
1 Render Target 12 Vertex Buffer (1A Slot 3)
2 Viewport 13 Vertex Buffer (1A Slot 4)
3 Rasterizer State 14 VSConstBuffer O

4  Depth State 15 VSConstBuffer 1

5 Blend State 16 VSConstBuffer 2

6 Sampler State 19 PSConstBuffer 0

7 Input 20 PSConstBuffer 1

8 Texture 21 PSConstBuffer 2

9 Vertex Buffer (IA Slot 0) 24 Index Buffer

10 Vertex Buffer (IA Slot 1)



AP STATEVIEWER

Contributed to apitrace, open source.

Afree tool for deep state tracking /w value deltas.

Simple trace and view workflow.

Application App Replay L,’.‘.’i"'f.’..."‘f*ﬁ%’f!?ﬂ%ﬁfﬁ

T run replay H track state T visualize data

i trace e\ :
apitrace—— d3dretrace stateviewer
glretrace

* Now availabe on github! *
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e N STATEVIEWER:

Frame Trangfer 962 tytes

e e o .. SIMPLE EXAMPLE
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VS Const 1
VS Const2
V5 Const 3

Example:
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V5 Corut 4
PS Const© -
PS Const
PS Conmt2
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PS Const 4
dex Buer

Draw instanced spheres
with some GUI controls.
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) STATEVIEWER:

Frame Trangfer 962 tytes

= S  SIMPLE EXAMPLE

1

Shocer
Rencor Target
Voapor!
Rauor Stats
Degth Stato
Berd Sute
Samgler State
it Asserntier

Observe:

Frames separate by
white bar s.

Texare

VerexQ

Q = « O © © © © © © ©o w

Each column is
one draw call.

First draw uses different shader, VBO,
and VS constant. This draws instanced spheres.

Eight other calls use same shader, and VBO.
These draw the GUI bars.
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o | | PS Constl flipflops between 2 states.
This is the grey and green bars in
the GUI of the app.
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