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NVIDIA Shader Debugger for FX Composer

Overview

The NVIDIA Shader Debugger

The NVIDIA Shader Debugger is a plug-in for FX Composer 2.5 that enables debugging of HLSL,
CgFX, and COLLADA FX Cg pixel shaders. It seamlessly integrates into FX Composer’s shader
authoring environment, allowing you to debug shaders while creating them.

The debugger offers numerous advantages to shader authors:

Makes it easy to understand shader algorithms and control logic

Improving productivity by removing the need to embed additional debugging
functionality into shaders

Quickly understanding shaders written by other artists, developers, or shader
authoring software

Learning shader authoring and shading language features

June 2008 1



NVIDIA Shader Debugger for FX Composer

Features

Overview
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204 float3 specContrib;: Lamp ©
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206 float3 Vn = normalize (IN.WorldView): specular %
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@ hn float3. 207 Pass
@Tn float3. 208 1 00
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Figure 1: Screenshot of FX Composer in a typical shader debugging session. The numbers in the blue circles
identify key debugger features, which are listed in the next page.

Feature List

The NVIDIA Shader Debugger contains several features to debug and understand shaders. These
features include:

1. Debugger Toolbar. This toolbar contains several convenient buttons:

a. @ ¥ Run to next/previous statement (F10/Shift+F10): Used to step through
the shader code, while debugging. Pressing “next statement” button makes the
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debugger set scope at the next statement. The “previous statement” button is
analogous.

b. = Show observe point (F12). Jumps to the current observe point. (This is
useful if you have scrolled far away from the observe point.)

c. ¥ ¥ Run to previous/next bookmark (F8/Ctrl+F8): These commands will
move the current observe location to the next/previous code bookmark. Note
that bookmarks are not breakpoints as on a CPU, because many threads are
running in parallel. Bookmarks are simply locations in a text file.

d. "= Run to cursor (Ctrl+F10). Executes the shader up to the current cursor
position.

e. Kill fragment mode: Toggles between 3 modes: off, kill fragment, and highlight
killed fragments. The latter two modes can be used to determine the fragments
that do not reach a particular observe location in the code.

2. Shader/Technique & Function Selector for Editor. On the left, provides a summary of all
the techniques and their respective passes for the current effect. On the right, provides
a dropdown of all functions in the current shader file.

3. Editor in Debug Mode. Line numbers are highlighted if debugging is active. The
highlight is green (for parallel debugging) or gray (for single pixel debugging). The
current observe location is highlighted in yellow.

4. Shader/Technique/Pass Selector in Debugger Panel. Allows you to choose which
shader, technique, and pass to debug.

5. Output Remapper. Allows you to visualize variable component values in arbitrary ways.

6. Symbols Tab. Lists all variables affecting the code currently being debugged. The
Globals, Parameters, and Locals filters allow you to reduce the number of variables you
are viewing at one time.

7. Autos Tab. Lists only those variables that in the immediate preceding proximity to the
current observe location.

8. Watch Tab. Allows you to enter expressions and set them as observe variables.

9. Error List. Lists any errors or warnings generated by the debugger. Note that you can
disable the “Set focus to error list on warnings and errors” checkbox if you don’t want to
be disturbed by the error list while you work. This option is recommended only for
advanced users.

10. Render Panel in Debug Mode. Includes a special status bar to indicate the pixel

currently being debugged (if any), as well as a swatch and value indicator to show pixel

. . b inel
values as you mouse over them. Also includes the “Debug a Pixel” button Roduana,

which allows you to specify a pixel to debug.
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NVIDIA Shader Debugger for FX Composer

Using the Debugger

g Started

In this section, you’ll be able to follow a simple set of steps to learn about basic shader

debuggin

g functionality.

Let’s start by creating a new material and assigning it to an object to debug:

1.

Now you’

£}/ NVIDLA FX Composer 2.5 -
File

it Ven Create

Open Impart
=

W O N v kWL

save Al

Start FX Composer

Create a new project

Create a teapot by clicking on the main toolbar’s Teapot icon
Click on the “Add Effect...” button in the main toolbar

Select HLSL FX (or CgFX if you’re working in OpenGL)

Click Next

Choose Phong Bump Reflect.

Click Finish

Apply your new Phong Bump Reflect material to the teapot by dragging-and-
dropping it from the Materials panel to the Teapot (in the Render panel)

re ready to start debugging. Your FX Composer window should look similar to this:

Project70.fecproj N
Buld Debug Andyze Help
* & g @ o eo (kW § & »a O
Undo Redo | Effect RebuldAl Comple Analyze | Sphere Teapot Towus Plane | Point Spot Directonal | Bndng | Play Stop | Drectid10 |
(S ediesr| (3 shadertibray | 8] modss | 4% |°L';v=m=s ax]
(5] Phong_bump_reflect1.f | b x |2 |
e e v e us e et e et e sy Cre s eea e s thsetearra sy erus ey revstuse -] Phong bump_refiect1_vateril =

SRevision$

Copyright NVIDIA Corporation
TO THE MAXIMUM EXTENT PERMITT
*AS IS+ AND NVIDIA AND ITS SUBPLIERS DISCLATM ALL WARRANTIES, ETTHER EXPRE!
OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTA!
AND FITNESS FOR A PARTICULAR PURPOSE. IN NO EVENT SHALL NVIDIA OR ITS SUPI
BE LIABLE FOR ANY SPECIAL, INCIDENTAL, INDIRECT, OR CONSEQUENTIAL DAMAGES

WHATSOEVER (INCLUDING, WITHOUT LIMITATION, DAMAGES FOR LOSS OF BUSINESS PR(
BUSINESS INTERRUETION, LOSS OF BUSINESS INFORMATION, OR ANY OTHER PECUNIAR!

200
ED BY APPLICABLE LAW, THIS SOFTWARE IS PROVIDI

LOSS) ARISING OUT OF THE USE OF OR INABILITY TG USE THIS SOFTWARE, EVEN IF
NVIDIA HAS BEEN ADVISED OF THE BOSSIBILITY OF SUCH DAMAGES.

To learn more about shading, shaders, and to bounce ideas off other shader
authors and users, visit che NVIDIA Shader Library Forums at:

nuop://developer .avidia. con/ foruns/

5 Parameters: HLSL Profile
Lamp 0 Posifion o

Lamp 0 1
Ambient Light W 0.070.07007
specular .

Specular Power 55

BUMpiness

1

0.5

WA default_color [default_ct
[l cefautt_bump_normal |
BB default_reflection (defaul

Reflection Strength
Diffuse Texture:
Normal-Map Texture
Environment

El Properties.
Name Phong_bump_reflect]_Mater
Hidden False
Effect file:///C:/Users/rfernando/Do
Name

The name of this graph item

Ironpytl
>

>>

Hame:
Type:

D S N I )
0.00 0.00 0.00 0.00

vy, Targ
Lumi etlu

I Decode RGBE

I~ Tonemepping Previcn s
| wateria | 5 Assets | GlProject |

Fom fxcapi import

| & Tasis | = outpue|
hon 1.0.3078 on .NET 2.0.50727.312

Ready

o=
I EEIEEAEE
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Now let’s debug this material’s shader:

10. Right-click on the green Phong Bump Reflect sphere in the Materials panel.
Choose “Start Debugging” from the context menu. (You can also start debugging at
any time in the editor by right-clicking and selecting “Start Debugging”.)

a. The shader code will now be shown in the shader editor with a green left
margin which indicates that the shader is being debugged. The return
statement of the entry function of the pixel shader is highlighted in yellow
to signify that the current “observe location” is at the return statement.

=] Editor | [3] ShaderLibran'| @ Models‘ 4bx
|5] Phong_bump...x - Debugging | 4 b
|4¢+ New_Effect Q Main1D-lr_3']pD j I j
208 float3 Vn normalize (IN.WorldvView): ;I
207 float3 Nn normalize (IN.WorldNormal}) ;

208 float3 Tn normalize (IN.WorldTangent);

float3 Bn normalize (IN.WorldBinormal) ;

float3 bump = Bump * (tex2D(NormalSampler,IN.UV).rgb - floatc3(0.5,0.5,0.5);
Nn = Nn + bump.x*Tn + bump.y*Bn;

Nn = normalize (Nn):;

phong_shading (IN, LampOColor,Nn, Ln, Vn,diffContrib, specContrib) ;

float3 diffuseColor = tex2D(ColorSampler, IN.UV} .rgb;

float3 result = specContrib+ (diffuseColor* (diffContrib+AmbiColor));

float3 R = reflect (Vn,HNn);

float3 reflColor = Kr * texCUBE (EnvSampler,R.=xyz) .rgb;

result += diffuseColor*reflColor;
Eeturn floatd (result,1);]

[

P S

WO ORI ORI R ORI ORI R R RD R R R
P T~ T = R R A T T T R A AT

b. The Debugger panel also brought into focus (it is also available at any time
through the View Menu). By default, the “Autos” tab is showing. This tab
lists variables that are used in proximity to the current observe location.

@, Scripting| ] Tasks| =] output |8 Debugaer 4k ox
Populz Condition: | ki
opulsie Autos Ition:
: [New_Effect (HLSL) =]
MName |\|’a\|.|e | Type | Line o
@ result float3 215 T
M -
¥ diffuseColor float3d 214 IG_:‘ = J
@ refiColor float 217 e
[ 00 |
Observe Location: (219.4)
Observe Variable Unset All
& floatdiresut, 1)x
& floatdiesutt, 1))y
& floatiresutt, 1))z
28 floatdiresut, 1))w
4] | o
) Auwtos | ] Symbols | ] Watch  |Ifg Error List |
Recent Output: | |
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The render panel will switch to debugging mode, with a pixel picker sub-panel

&t dadEbeed L] |

Pixel: (0.0) [y Debug a Pixel
I
Value: D(u. 0.0.0)

11. Select the “Symbols” tab in the Debugger panel. This lists all variables that are in

scope. (As a convenience you can unselect the “Global” and “Parameter” filters to
limit the listing to local variables).

12. Double-click on Nn to visualize the teapot’s normals. You can double-click on any
variable to visualize its value in the Render panel.

- pepnmnaLaT — amue,
231 i
22 2 L (h]e e o
555 RiandSrars Disshisflan il
4| T 3
8, scripting | () Tesks | =] outpu: [MWDebugaer 4b x
Populste Symbols | Condition: [
ste Symbo on S=E
M‘ [Phong _bump _refiect1 (HLSL) |
# Globals [ ¥ Parameters | « Locals | | Search: [ T
Name. [value [ Tpe [ Line =] [[&Wan |
@ EnwSamplsr 1o Pixel Sslsct samplerCUBE 127 Pass:
@m verexOutpLt 202
pO -
@ dffContib fioat3 203 I p =
Observe Location (219.4]
@ specCortrib float3 204 N
oL s 208 Observe Varisble Unsst Al
@ Vn float3 206 & Hnx
E ¢n fioat3 207 &ty
(T No Pl Selsct st 207 & tn 2
@y No Pixel Select... Foat 207 10
o No Frel Select... float 207
?Tn float3 208 =l Pixel: {X-149.Y=154} [ Debug a Pixel
A | Syt v R |
Recent Quipt: | | value: [J(R-070428. G-0.43¢76, B-0.56123. A1)

13. Move the mouse around the Render panel. The status area shows the coordinate of

the pixel pointed by the cursor, as well as the value currently being visualized. (In
this case, Nn).

14. You'll notice that none of the values in the Symbols panel are populated. This is
because the debugger doesn’t yet know which pixel you’re interested in. Pick a

pixel using the “Debug a Pixel” button 227 |ocated in the status area below
the render panel. The values for the Nn vector will now be populated.
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15. You can double-click on other variables to populate their values as well. The
“Populate Symbols” button will populate all symbols, but please note that this
operation can take some time if there are many symbols in your shader.

16. That’s it! You have just experienced a simple shader debugging session. You'll
discover more debugger features in the next section.

Make Your Life Easier

This section outlines some helpful functions that the Shader Debugger offers to make debugging
easier.

Choosing a Technique to Debug

While debugging, you may change the current technique you wish to debug using the drop
down “Technique” menu, located in the upper-right corner of the debugger panel. Selecting one
of the techniques from this drop down menu will immediately set the “observe point” to the
chosen technique, within the editor.

Remapping Output Channels

The Channel Remapper

The Channel Remapper shows you how variable values are mapped to specific color channels in
the rendered scene, and allows you to change those mappings. The Channel Remapper is
displayed along the right hand side of the debugger panel.

Override Output Channels:

-, [unzet]
=Y [unzet]
& [Lunzet]

ﬁ [Lunzet]

Figure 2. The Channel Remapper

Visualizing Variables Automatically

Whenever you double-click on a variable in the “Autos”, “Symbols”, or “Watch” tabs to visualize
it, each component of the variable will automatically be mapped to the red, green, blue, alpha
channels, in that order. If a variable has fewer components, the remaining components will be
set to 0.0, and the Alpha will be set to 1.0.

Visualizing Variable Components Individually

Sometimes, you may want to mix-and-match components of different variables. For example,
you may want the x and y components of one variable in the red and green output channels, but
the x component of another variable in the blue channel.

To do this, right-click on a component (such as Output.x) in the “Autos”, “Symbols”, or “Watch”
tabs and choose the channel mapping you want. (For example, “Set as Red Channel”.)
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W MdotL float 165
@ reflnyec float3 1B6

o [T — e FTR
@ colomif] B Set as Output 169

¥ RdotvPot s =et ac Red Channel 177 .
@ colorSpe 178 =
P3 |‘ Set as Green Channel | | 3 -
é_:TJ Aabos = ‘ Set as Blue Channel E rrar List —
A ﬁ Set as Alpha Channel

Figure 3. Visualizing a Variable

Note that the “Autos”, “Symbols”, and “Watch” tabs use red, green, and blue highlighting to
show which variable components are being matched to which output channels. If a variable is
mapped to multiple output channels, it will be highlighted in yellow. An example is shown
below.

Y Scripting | (3] Tasks | (5] output |44 Debugger
Shader
Populste Autos Condition: || I NewEfect FIL51]
Name. [ value [ Type [ne 2] |Tochnique
El @ resut floatd 215 [ v
@x No Pixel Select . float 215
oy o Picel Select | flost 215 EEE
@z No Fixel Select . | float 215 [ r0
El 9 dffuseColor float3 214 Observe Location: (219.4)
W No Pixel Select float 214 Observe Variable
Py Mo Pixel Select... foat 214
G2 1o Pixel Select | fioat 214 & refColorx
El & refiCalar foat3 217 & resutx
ok No Pixel Select . float FiF— | || & dfuseCoiory
oy Mo Pixel Select... | foat a7 ||®ere
4 i B Pixel: {X=164Y=178} [ Debug a Pixel
E]'Autos ™| =] Symbols | 5] Watch  |If ErrorList | g
Recent Ouput: | ‘ Value: .{R=D.W15€G=D.13473‘ B=0.052278, A=T}

Figure 4. Visualizing Components from Multiple Variables

The Autos Tab

The “Autos” tab and the “Watch” tab can be found within the debugger panel and can be very
useful while debugging.

The “Autos” tab displays variables much like the “Symbols” tab, except that it shows only
variables used in the current observe location and the preceding line. This keeps you from
having to constantly scroll through a long list of variables while working on a particular part of a
shader.

197 float subLamb = smoothstep (-RollOff,1.0,1dn) - smoothstep(0.0,1.0,1ldn)
198 sublamb = max (0.0, sublamb)
199 float3 subContrib = sublamb * SubColor:
200 Elcacs vecColor = van. x|
201 DiffuseContrib = (subContrib+diffContrib).=xyz;
202 SpecularContrib = (vecColor*SpecColor) .xXvz;
203 } -
4 | _’l—l
&, scripting | [ Tasks | =] output ﬁ Dd-.!pr‘ q4bx
Condition:
Populat futos_ | ton: [Velvety (LSL) =
MName [ Value [ Type [ ine Technique:
O van 03356065 float 155
@ SubColor float3 7 I S Bl
@ sublamb 01739836 flaat 197 i
5 @ subContrb float3 189 [ae0 =l
of DOMTHETS  foat 158 Observe Location: (200.4)
@y 0.03479673 float 159 Observe Varizble Unset All
(] 01739836 flost 153
& subCortribx
& subCortriby

Figure 5. The Autos Tab of the Debugger Panel
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The “Watch” tab allows you to debug your own expressions, formed from currently existing
variables and mathematical operators. Double-click on an empty line to enter an expression.
Once entered, you can visualize an expression by double-clicking on it (just like variables in the

“Autos” or “Symbols” tabs).

Conditional Debugging

In this section we will do a debugging walkthrough of a slightly more complex shader that

contains multiple techniques.
1. Create a new project.

2. Add a teapot.

3. Apply the Relief Mapping shader from the Shader Library to the teapot. To do this,
select the Shader Library tab (next to the Editor tab), scroll down a few rows, and
then drag-and-drop the image for Relief Mapping onto the teapot.

(=] Editor [ 2] ShaderLibrary | &] Models |

SANVIDIA. shader Library

post RGB from CMY =D

post RGB to HSV —D

GeForce FX GeForce FX

image processing color
conversion

image processing color
conversion

Colar space conversion (1
technique/s)

Colar space conversion (1
techniqual's)

HLSL CgFx HLSL CgFX

June 2008

Whitepaper Download | Whitepaper Download

relief mapping =@

Click-and-
== drag onto
teapot

GeForce FX

material bumpmap
textured

This material shows and
compares results fram four
popular and advanced
schames for emulating
dizplaement mapping. They
are: Relief Mapping, Parallax
Mapping, Mormal Mapping,
and Relief Mapping with
Shadows. Original File by
Fabio Policarpo. (4
technigue/s)

HLSL CgFX
Video Dovmload
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4. Right-click on the Relief Mapping material and choose Set Technique ->
relief_mapping_shadows (as shown below).

=] Editor | [&] ShaderLibraw| ] Modds|

|£] Gooch_bump_r...gfx- Debugging | |i] Phong_b
I‘j*++ relief_mapping - @ relief_mapping_shadows - ﬂ] pl
182 J/ tranaform tHorm to we
183 tHorm = normalize (tHorm.
184 tHorm.y*IN.bir
185 tHorm.z*IN.no1
T o 186 float3 texCol = tex2D(Ct
Mew Effect M... Defaulth: 187 // view and light direct
188 float3 Vo = normalize (It
Set Technique 3 narmal_mapping 1t
[#] GotoEffect parallax_mapping 0;
Assign Effect » relief_mapping de
) icle
relief_mapping_shadows
— = 22 Add Material | i1
relief_mappin. .. PO T // compute final color

5. Left-click on the Relief Mapping material to see its properties. Change the “Tile
Repeat” parameter to 1 instead of 8.

6. Right-click on the Relief Mapping material and choose Start Debugging.

7. Inthe “Technique” drop-down of the Debugger panel, choose
“relief_mapping_shadows”.

8. Inthe editor, scroll to line 255 in the shader code. This line is within a loop in the
“ray_intersect_rm” helper function. Right-click to bring up the editor context menu
and choose “Run to cursor”. This will set the “observe location” in the code to line
255.

9. Inthe debugger’s “Autos” panel, double-click on “depth” to visualize it. The Render

June 2008 10
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10. Now, type in “depth > 0.4” as the “Condition” in the “Autos” panel, as shown below.
@), scripting | (3 Tasks | = output |98 Debugger
Fopulate Autos | Condition: Ide-pth =04

| Value [ Type | Line I
9‘ size MNo Pixel Select... | foat 240
+ depth No Pial Select . Aoat 242
@iw Mo Poeel Select... | Aoat 253

The Render panel will now show onIy fragments with depth greater than 0.4:

Render (Debugging)

Bt DR L[S 8]

P

Scene: Defal

Debugging Multi-Pass Effects

Multi-pass (or “full-scene”) effects are debugged in much the same way as other effects. The
only change here is that when you right-click on a multi-pass effect and select “Start
Debugging”, you will see a sub-menu where you can choose the specific pass to debug. This is
illustrated below.

Add Profile 4
Edit

|‘ Start Debugging 4 Pass "EvaluateScene”
Rename Pass "EvaluateScene2”
Clone

Remove

x
U] Analyze Perfformance
=

Propertles & Tasks | = Output|
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Notice

ALL NVIDIA DESIGN SPECIFICATIONS, REFERENCE BOARDS, FILES, DRAWINGS, DIAGNOSTICS, LISTS, AND
OTHER DOCUMENTS (TOGETHER AND SEPARATELY, “"MATERIALS") ARE BEING PROVIDED “AS IS.” NVIDIA
MAKES NO WARRANTIES, EXPRESSED, IMPLIED, STATUTORY, OR OTHERWISE WITH RESPECT TO THE
MATERIALS, AND EXPRESSLY DISCLAIMS ALL IMPLIED WARRANTIES OF NONINFRINGEMENT,
MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE.

Information furnished is believed to be accurate and reliable. However, NVIDIA Corporation assumes no
responsibility for the consequences of use of such information or for any infringement of patents or other
rights of third parties that may result from its use. No license is granted by implication or otherwise under any
patent or patent rights of NVIDIA Corporation. Specifications mentioned in this publication are subject to
change without notice. This publication supersedes and replaces all information previously supplied. NVIDIA
Corporation products are not authorized for use as critical components in life support devices or systems
without express written approval of NVIDIA Corporation.

Trademarks

NVIDIA, the NVIDIA logo, and FX Composer are trademarks or registered trademarks of NVIDIA Corporation
in the United States and other countries. Other company and product names may be trademarks of the
respective companies with which they are associated

Copyright
© 2008 NVIDIA Corporation. All rights reserved.
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