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Introduction

Source-level debugging is a powerful tool that can aid shader development. This capability is
now available to Vulkan shaders using RenderDoc, the DirectX Shader Compiler (DXC), and the
glslangValidator shader compiler. This document describes how to generate the necessary
SPIR-V instructions which enable source-level debugging.

Generating debug information

Source-level debugging in SPIR-V requires an extension called
NonSemantic.Shader.Debuglinfo.100. This extension is supported by DXC and glslangValidator.
The following stages are currently supported: vertex, geometry, tessellation control and
evaluation, fragment, and compute. Shaders optimized by spirv-opt may also be debugged.

Using DXC

DXC can be used to generate debug information within SPIR-V from HLSL using the following
command line:

\path\to\dxc.exe -spirv -fspv-target-env=vulkanl.3
-T <target-profile> -E <entry-point>
-fspv-extension=SPV_KHR_non_semantic_info
-fspv-debug=vulkan-with-source
<hlsl-src-file> -Fo <spirv-bin-file>

The command-line arguments relevant to debug information are described below.

e -fspv-extension=SPV_KHR_non_semantic_info instructs the compiler to use the
SPV_KHR_non_semantic_info extension which is required to use non semantic
extended instruction sets. This is not required for Vulkan1.3.

e -fspv-debug=vulkan-with-source instructs the compiler to embed the source string
in the DebugSource instruction. RenderDoc reads the high-level source from this
instruction.
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Using glslangValidator

glslangValidator can also be used to generate debug information within SPIR-V from HLSL. In
addition, glslangValidator can also generate debug information from GLSL. To generate debug
information from HLSL, use the following command line.

\path\to\glslangValidator.exe -e main -gVS -D -0 <spirv-bin-file>
<hlsl-src-file>

The command-line arguments relevant to debug information are described below.
e -gVS instructs the compiler to embed the source string in the DebugSource instruction
(similar to the -fspv-debug=vulkan-with-source argumentin DXC).
e -0d disables HLSL legalization and optimization (similar to the -fcgl argument in DXC).
e -D tells the compiler that the source is HLSL.

To generate debug information from GLSL, the command line is very similar.

\path\to\glslangValidator.exe -e main -gVS -V -0 <spirv-bin-file>
<glsl-src-file>

The only difference is that the -D argument is replaced with -V.

Debugging with RenderDoc

SPIR-V shaders containing debug information can be debugged interactively using RenderDoc.
The latest stable builds (v1.22) of Renderdoc support this functionality. These builds can be
located on the RenderDoc website.

A complete demonstration of RenderDoc is outside the scope of this document. However, we

will demonstrate how to access the source debugger within RenderDoc. First, you will need to
launch your application and capture a frame (please see the RenderDoc documentation if you
do not know how to do this).
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Once you have a captured frame, select a draw command from the event

browser located on the left-hand side.

Event Browser x

Cuntml5| = = | B O M B &

7 Filter |$action() v| i settings & Help

fi) ~ Colour Pass #2 (1 Targets + Depth) &

EID | Name A
w Frame #805

0 Capture Start

7 == vkQueueSubmit{1)[0]: vkBeginCommsz

8-21 » Depth-only Pass #1

22-34 > Colour Pass #1 (3 Targets + Depth)

35 == vkQueueSubmit{1)[0]: vkEndComman

40 == vkQueueSubmit{1)[0]: vkBeginCommsz

41-58 v Colour Pass #2 (1 Targets + Depth)

41 vkCmdBeginRenderPass(C=Clear, D5...

55 vkCmdDrawindexed(159, 1)

57 vkCmdDrawindexed(702, 1)

58 vkCmdEndRenderPass(C=5tore, D=5...

59 == vkQueueSubmit{1)[0]: vkEndComman

60 vkQueuePresentKHR( Swapchain Image -
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Next, right-click on a pixel in the texture viewer.
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Next, click the debug button in the pixel context window located in the lower-right

corner.

Pixel Context
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A window containing the fragment-shader source should appear. You can step forwards and
backward through the statements using the buttons at the top of the debugger window.
Variables identifiers and values will be displayed in the lower right corner.

4|8 Texture... % I Pipeli... X Tﬂ Mesh... X I Resource In... X I Launch App... X Tﬂ Errors and W... X T Interactive Pyth... X T Debugging Shader Module... X
| &8 Find | () Execute backwards... ¥ (¥) Execute forwards... ¥ || Debug in Assembly
Disassembly [deferred.frag ]
EL) shadowFactor= filterPCFishadowClip, 1); -~
81 #else
82 shadowFactor = textureProj(shadewClip, i, vec2(0.8));
83 #endif
B4
85 fragcolor *= shadowFactor;
86
87 return fragcolor;
88 1
89
90 void main()
91 {
92 // Get G-Buffer values
93 vec3 fragPos = texture(samplerposition, inUV).rgb;
94 vec3 normal = texture(samplerNormal, inUV).rgb;
a5 3 vecd albedo = texture(samplerAlbedo, inUV);
96
97 // Debug display
98 if (ubo.debugDisplayTarget = 8) {
99 switch {(ubo.debugDisplayTarget) {
100 case 1:
1081 outFragColor.rgb = shadow{vec3{1.0), fragPos).rgb;
102 break;
103 case 2:
—|[104 outFragColor.rgb = fragPos;
11185 break;
106 case 3:
187 outFragColor.rgb = normal;
168 break;
109 case 4:
110 outFragCelor.rgb = albedo.rgb;
111 break;
112 case 5:
113 outFragCelor.rgb = albedo.aaa;
114 break;
115 1 |
Constants & Resources T.ﬂccessed Resources ] Watch T\n’ariab\e Values THigh-IeveIVan‘ables |Callstack |
Name |Register(s) [ Type [value Name [Register(s) [Type |Value main
samplerShadowMap _157 Resource | 2D Depth/Stencil Attachment 3! normal _497.xyz float3 |0.60059, 0.18713, 0.8584
> ubo fragPos _484.xyz float3 |0.08856, -0.86865, 0.42529
samplerposition _474 Resource | 2D Color Attachment 334 & outFragColor| _536.xyzw | float4 -1.07374E+08, -1.07374E...
inuUv _479.xy float2 0.52148, 0.43125
samplerNormal _491 Resource | 2D Color Attachment 338 &°
samplerAlbedo _504 Resource | 2D Color Attachment 342 &°
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Vertex shaders can also be debugged by right-clicking a vertex in the mesh viewer and

selecting “Debug this Vertex.”
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— by
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Future Work

Currently, all debug information is embedded within the SPIR-V shader. Future updates to DXC
and glslangValidator will allow the debug information to be stored in a separate file (similar to a
program database or .pdb file in Visual Studio). Support for other stages/shaders is also possible.
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