DATA VISUALIZATION OF THE ‘
GRAPHICS PIPELINE:

TRACKING STATE WITH THE STATEVIEWER

RAMA HOETZLEIN, DEVELOPER TECHNOLOGY, NVIDIA
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“Data Visualizations assist humans with data analysis by representing information
visually.. These mechanisms rely on human perception to help understand data.”

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



GRAPHICS PIPELINE

Input Assembler

Vertex Shader

Geometry Shader

Stream Output

Rastenzer

Pixel Shader

Output Merger

NVIDIA Confidential

Video Memory

(Buffer
Texture
Constant Buffer)




ePuE GRAPHICS PIPELINE

Input Assembler

Shader State —
Uniform Buffers —

Vertex Shader

Vertex Buffers —
Index Buffers —

Geometry Shadet
Video Memory

Tesselation State — Stream Output (Buffer
Texture

i Cons y ’

Rasterizer State — onstant Buffer)

Depth/Blend States —

Rastenzer

Pixel Shader State —
Framebuffer State —

Pixel Shader

Output Merger

Graphics State
is complex.

NVIDIA Confidential



) T-FLEX CAD - C:\KoHserip\C60pKa.grb

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 from wikimedia commons.

CAD/Workstation Applications solve complex, real world problems




CPU Bound: Traversal of CPU scene graph, or
drawing setup, outweighs GPU rendering.

Many CAD/Professional Workstation applications
are CPU Bound.

These are ideal candidates for next-gen APIs.



GPUmMRY PROFILING PRACTICE




GPUmMRY PROFILING PRACTICE

Modify

Profile




GPUmMRY PROFILING PRACTICE

APP l
. capture

replay L
StateViewer >m—
visualize




GPUmMRY PROFILING PRACTICE

State Profiling
CPU Timing (Sequence) Driver Timing GPU Timing

=HEN g

API |

APP )
l |
. capture

replay L
o B
visualize

see the sequence




LRSS GOALS

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

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

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

We want tools that identify all of the above.



AP EXAMPLE

N o
B | 0 9]
ovilll 0 I ON o [
ate
Simple
State A B A B B B A
Tracking
Value
Tracking  A©) B(O) A(D) B(3) B(5) BO)  A(2)
Value- Created Same State (0) Changed Same Same Changed
Delta Created

Tracking

Buf Buf ()  Buf (B) Buf



APUY VISUALIZATION DESIGN

Colored rectangles map state values.

Colored flags map state value changes.

Value of this buffer stays the same for the
first 4 draws. Then, value flip-flops between
2 values. Colors are random.. It's about
seeing patterns.

' Switch — app is switching to another buffer.

Reuse — app is reusing buffer from last draw, no
' switch.



LY ALGORITHM

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

|ASetVertexBuffer 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 128-bit 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

some data

Map buffer
memcpy

other data

-

—— A -

Assign hash Assign color

128-bit hash

Compare
to previous
state

Different,
give red flag
(due to Map)



LY WHAT STATES TO TRACK?

—_ O 0O NODUThNMANWN-O

Shader

Render Target

Viewport

Rasterizer State

Depth State

Blend State

Sampler State

Input

Texture

Vertex Buffer (IA Slot 0)

0 Vertex Buffer (IASlot 1)

11
12
13
14
15
16
19
20
21
24

Vertex Buffer (IA Slot 2)
Vertex Buffer (lA Slot 3)
Vertex Buffer (lA Slot 4)
VS Const Buffer 0

VS Const Buffer 1

VS Const Buffer 2

PS Const Buffer 0

PS Const Buffer 1

PS Const Buffer 2

Index Buffer



APY STATEVIEWER

Contributed to apitrace, open source.

A free tool for deep state tracking /w value deltas.

Simple trace and view workflow.

Application App Replay LZ‘.’i"’TJ.‘Y‘fSE?U?’?JTZ’.T _

T run replay H track state T visualize data

: trace.  d3dretrace .raw ;
apitrace — stateviewer
glretrace

* Now availabe on github! *
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e o002 STATEVIEWER:

Frame Trangfer 962 tytes

e T . ... . SIMPLE EXAMPLE

Srocer

1

Rencor Target i
Vowpor!

© © © © © © © ©o w

§

Verex !

i
“
o © ©

Vi ConutC

VS Const 1
V5 Connt2
V5 Const 3

Example:

o O N N

VS Conut 4
PS Const 0 8
PS Const
S Conut2
PS Const 2
PS Const 4
I dex Buer

Draw instanced spheres
with some GUI controls.

0 © © © @

ol /\ /\ / StateViewer output
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e o002 STATEVIEWER:

Frame Trangfer 962 tytes

e o . SIMPLE EXAMPLE

Shocer

1

Rencor Target
Viowper!
Rauor Stats
Degth Stato
Berd St
Samgler State
ot Asserntier

Observe:

Frames separate by
white bars.

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.

X
"
-
O O 0 © W -

HENEENEE NENEEEEAN

i | | PS Const1 flip-flops between 2 states.
This is the grey and green bars in
the GUI of the app.
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Conway's Game of Life

Block Bi-block  Loaf Hive

Canoe

Aircraft

o Pond Mango
Carrier

Boat tie Ship tie

Fish hook Table on table Two hives

Integral Sign

“Mathematical Games - The fantastic combinations of John Conway’s new solitaire game ‘life’”. John Horton Conway, 1970.

Image from wikimedia commons.




AP COMMON PATTERNS

"

The Flip-Flop

Bars oscillate between values. Indicates

potentially unnecessary switch between
two states.

Example:
Draw faces, then edges, then
faces, then edges.



AP COMMON PATTERNS

<

-

I e

/

Flatliner

Set of draw calls which use the
same shader, VBO and number of primitives.
Draw may be unnecessarily repeated.

Example:
Drawing multiple copies of an object
in the different locations.



AP COMMON PATTERNS

The Repeater

(O IO A set of states that is similar
to an earlier group.

Strongly suggests candidates for grouping.

| MR RN AR AT Example:
/ Draw legs, arms, back and seat of a chair.

l J L Then draw whole chair again!
) H].mi.ull i hun.l.lll |
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ABUEEEY ALL ABOUT THE (DATA) PATTERNS

Worst Case

1. Recreating buffers
2. Using single buffer fw

Bad Case

1. Good - Write once
2. Lots of switching

Better Case

1. Good - Write once

2. State sorting !

different data

Create

Map / Unmap
1ASetVB / Draw
Create

Map / Unmap
1ASetVB / Draw
Create

Map / Unmap
1ASetVB / Draw
Create

Map / Unmap
1ASetVB / Draw
Create

Map / Unmap
1ASetVB / Draw
Map / Unmap
1ASetVB / Draw
Map / Unmap
1ASetVB / Draw
Map / Unmap
1ASetVB / Draw
Map / Unmap
1ASetVB / Draw
Present

REPEAT !

3. Draw without switch.

StateViewer
Output

StateViewer

Output
Create Create
Create Create
Create Create
Create Create
Map/Unmap [l Map/Unmap g
Map / Unmap Map / Unmap
Map / Unmap Map / Unmap
Map / Unmap . Map / Unmap
Map / Unmap Map / Unmap .
I1ASetVB State Sort |
Draw B | 4 IASetVB |
I1ASetVB Draw .
Draw | 4 Draw —
1ASetVB Draw
Draw | 4 IASetVB
I1ASetVB . Draw
Draw | 4 Draw
1ASetVB Present
Draw | 4 1ASetVB
Present Draw
I1ASetVB Draw
4

Draw . Draw
Present 1ASetVB
IASetVB 4 Draw O
Draw

Draw
Present Present =

mostly orange

Too many orange flags.

mostly green

MUCT I NN 1wy

Great Case

1. Good - Write once

2. State sort!

3. Make global buffers for other state

4. Draw ONCE with MultiDraw StateViewer
Output

Create

Create

Create

Create

Map / Unmap .

Map / Unmap

Map / Unmap

Map / Unmap

Map / Unmap .

State Sort |

Create Const Buffer

Create Transform Buffer II....IIIIII..

Map / Unmap

MultiDraw [ | ]| [ | ]|

Present

MultiDraw | ] ] [ ]

Present III lll

MultiDraw

Present III lll
(]| ] [ ]|

NN N

all green
(except first frames)

Green flags!
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NVIDIA State Viewer
by Rama Hoetzlein

NVIDIA
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Endless City Demo Aliens vs. Triangles Demo nvFX HDR Car Demo
Frame & 2 Frame# o Frame s 4
Frame Orans 26 Frame Oraws 267 Frame Draws 58
FramePrims 1308 Frame frims 714832 FramePrims 1256650
Frarme Trarsfor S5 tyles Frame Transfer 11200 tytes Frame Transfer 1008 bytes
Framo States: < ."_k;-..uL““ Frame States: . i”“;'v«""'“ Frame States e x-;”‘:..'.
Shacer 23 20 Shacer 14y “S.w Sracer % g Shoacer NG g Sracer 390 4
Rencer Target 23 1z Render Target 15 = Rencer Target o Rencor Target o Render Target o
Viewpor o Viewport o Viewgpornt o Viewpon o Viewpor: o
Raster Stats 2 3 Raster State P Raster State o Raster Stats o Raster Stats o
Depth State o Degth State o Deph State o Depth State o Depth State o
Bend State o Brend State o Slend State o BerdState o Send St o
Samgier State o Samgier State o Sarmgier State o Samgier State o Sarngher Sute o
Syt Assarritier ° Input Assembier o WPt Asserntter ) ot Assermiler o put Assemtier o
e o Texure o Texture N s Texare 6 8 Tohrs T4
VerexQ 2< 104 Verex O 256 78 Verex O 101 Vertex O 9 o Verex 0 i
Verox 1 22 103 Verex 1 260 - Verex 1 o Verex * ) Verex 1 )
Verex2 27 3 Verex Z o Y54 Verex2 o Veriex2 o Vierex2 o
Vorsox 3 28 o Verex 3 195 43 Verex 3 o Verex 3 o Vienex3 o
Verox 4 28 o Verex 4 1S &3 Veriex 4 o Venox 4 o Verex 4 o
VS Const O 26 16 VS Const O P { VS Corst O o VS Const O ;s VSConmo <co
VS Const 1 26 j00 VS Conat 1 216 39 VS Coret 1 o VS Const 1 sz VSConmt eco
VS Const2 27 g VE Const2 248 VS Corat2 o VS Const2 o VS Conm2 o
VS Const 3 FZ VS Const 3 285 o VS Corat3 o VS Const 3 o VS Const3 o
VS Conmt 4 2% o VS Const4 ) VS Corstd o VS Const 4 o VS Conm4 [
PS CorstQ s PS Const O B9 ge PS Conm O o PS Const O ) PS Const0 o
PS Cormt 1 o ! 14 PS Const 1 217 2 PS Const 1 o PS Const ® o PS Const 1 o
S Const 2 ¢ 17 g PS Const2 157 5 PS Conm2 ) PS Conm2 o P8 Const2 o
PS Const 3 1 43 PS Const 3 222 1y PS Conm 3 o PS Const 3 o PS Const 3 o
PE Corsta 19 48 PS Cormtd o PS Conm4 o PS Consta o S CoNsy o
¥rdex Bufier 298 104 Index Butier 266 139 I cex Butler = 51 ¥dex Buller 399 = nGex Bulier s 5
NVIDIA State Viewer

by Rama Hoetzlein

>



AP REAL-WORLD APPLICATIONS

Frame #: 0

Frame Draws 19982
Frame Prims. 305170068
Frame Transfer. O bytes

Frame States:

Rouse
i‘ym(} Unique
Shader 15108 29 A17] Map 108
Render Target \EEC I d A A d i i d A i il dda i i d i d i did i dddd g i d i dud i i ddad i d i dd ddddidda dadda i d i d i dda b d i did i didddadad e diddadadda i d i ddddadd ddad C"".’ia;eic dddd. ;:g g;
on n BIS

Viewport ) VSSetConstantd 20 08
VS Setshad o008

Raster State AEEE I i i d i d i dd i d e dud da ddddadudddd i ddddaddadd ddddaddadi did ddddadidid did dadaddadaddaddddadadddddddadad i diddddaddadaddddaddadaddaddddadad dadd PSSetCo::d:;tEulTers 1908
PSSetConstantB 20 08

LEERE 4 PSSetShader [s[ilv}-]

Blend State 0 LnSeNertm(ﬂumars- 09 0552
|ASet ndexBuffer 24 0611

Sampler State o Map I 20 09

InputAssemibler a |ASet ndexBuffer | 24 0360
Drawldx 23 6240

Texture: 0

e RO (T (7T O AT I AT )T AT A AGE A4 E T

Verlex 1 0

Vertex 2 0

Verlex 3 0

Verlex 4 0

VS Const0 1

VS Const1 1

VS Const2 0

V8 Geni A M M M MM NS G el il aaded f diid

VS Constd 0

PS ConstO 56 V“V L4 Ld V'_’ ldd & - dad dd L4 lddd s lddd s ldddd
: (Cae a7 ATy VN bl Vsl g Py
" el T Ul il | s T "M T MM 000 T T duld [ M

PS Const3 17695; FFFPFFFFF FPFPFPFFFFFPFFFFPFFPFPFFFPFFFFFPFPFFPFFFPFPFPrP Y 4 dddddddddddd
PS Const4 184435 4 dddddddddddddddddddddddddddddddddddddd

T A
R O T i 7 71 il 684 d 7T T gl N 1N YN e

48754

# Prims

0 624 I_l_-_l_-______ n__ N o [ o e o o —m - I 0 = —_— ___J -

Transfer (bytes)



AP REAL-WORLD APPLICATIONS

Frame #: 0

Frame Draws 19982

Frame Prims. 30517006

Frame Transfer. O bytes

Frame States: Roeuse

V.-r(} Unique

LELE 15108 29 L] Map 1908

Render Target 12573 FFFFPPPFPFPFFVFFFFFFFPrPFPFFFFFFFP PPV PV FPFFVFFPFF PPV EFFFFFFVFFPFFPFVFPFFFFFPFFFFPrPFYFFFFVFFPFPPFVFF PPV PPV PPV FFFFFFF VPP FPFFPFFFFPPPPryF C:':;dcmmamm fg g;

Viewport 4] VSSetConstantd 20 08

Raster State 18y FFFFFFFFFFFFFPFFFFPFFFrPFFFrPFPPFFFFPFFFFPFFFPPFFFP PP FP P FFFFPFFFFPFFFFFFFFrFFY PP FY Py FFPPFFFrPFFFF PP FFFPPFFFrPFFFrPFFFFPFFFFPFFPFFFPPFFF g::g:z;tm“ ?2 g:
PSSetConstantB 20 08

SRR o a 5 PSSetShader 0008

s : Shader is switched frequently. Tl b

Sampler State 0 . . Map - 20 09

: Candidate for shader-based sorting. o 5 00

Texture: 0

weo o R T TG GRS ORI (AT & T AT G AN @A TN

Vertex 1 o]

Vertex 2 0

Verlex 3 0

N ‘j Good use of const buffers.

VS Const1 g

e ; (Multiple buffers, mostly green flags)

VS Const3 151045 (4 rrr-rr rrr_ (dad ldddd Mo daidd dddadddN dd i ddaddddad ddddad 4 d

e * - fiddd g g igdded (i

i MU M ie~  (Ndgad N iasd Based ¢4 o - I DI R asoohd Radsd | soosedl’ dhased W Odedd oot

R . T A P !

T e N e i

PS Const4 184435 4 dddddddddddddddddddddddddddddddddddddd

Index Buffer

48754

# Prims

- i .

Drawmg many small obJect
Candidate for geometry binning.

0 624

1
Transfer (bytes) \

1

e A
U (M MO Ul (" ' i Mad GO ad o S (Mddid (")) Mdfr i

|



AP REAL-WORLD APPLICATIONS

YA VAN AT TTITITTTT Vi (R O W (o T o DT T ') TN T T (M TR o

A M A o i i M A A M i A

e W



AP REAL-WORLD APPLICATIONS

Shader re-assigned on each draw.

YA VAN AT TTITITTTT Vi (R O W (o T o DT T ') TN T T (M TR o

AN

Constant buffers rewritten,
/ often with repeatedly used value. (Flip-flop)

A M A o i i M A A M i A

Repetitive pattern suggests

duplicated geometry. (Repeater)
1 0 0 8 00 1 1 TV o M W MR DGETHWERHO

e W

Vertex buffer rewritten on every other draw.




AP STATEVIEWER: TOOL COMPARISON

GPU Timing:

Gives valuable information about e.g. Does GPU spend more time
what the graphics APl and GPU are doing. In vertex or pixet shadey?
Good for GPU-bound apps. Use NSight.

CPU Function Profiling:

Gives valuable information about which
are the slowest functions.

Good for Algorithm-bound apps.

e.g. Which specific part of
a CPU algorithm is slowest?

StateViewer: ; i
Gives systematic information about €.g. Maw coulg/ e datgpe

) i ] . better organized for submission
design patterns in the application. to graphics pipeline?

Good for Data-bound apps.
Tells us why the app is slow, without access to code!



AR SUMMARY

StateViewer has identified unknown issues
in several large CAD/Workstation applications.

Provides an overall picture of the
application’s systematic behavior.

Gives feedback with direct indicators
on areas of improvement.



Thank You! '

DATA VISUALIZATION OF THE
GRAPHICS PIPELINE

JOIN THE CONVERSATION
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