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Me

20+ years in the Mesa project

Major work on Intel, Broadcom (Raspberry Pi), and
Qualcomm

Core work in shader compilers, GL state and resource
management, formats, utilities, testing and conformance.

Supfport tools: deqgp-runner, shader-db, traces-db, gpu-trace-
per
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Mesa project

* Open source, conformant Vulkan drivers:

~ Intel, AMD, NVIDIA, Qualcomm, ARM, Raspberry Pi, Apple
(asahi), Apple (Metal), virtio-venus, and CPU (lavapipe)

* In progress:
— Imagination, Microsoft
* Ships with Linux distributions
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Mesa contributors

 IHVs: ARM, AMD, Imagination, Intel, Raspberry Pi,
Qualcomm

* |ISVs: Collabora, LunarG, Global Logic, Google, lgalia,
Microsoft, Red Hat, Valve
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You should develop against
Mesa




Why Mesa?

* Ability to debug

* Visibility into how the hardware gets driven

* Access to the engineers

* Turnaround time for fixes

* Someone will run your software against it anyway
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gdb just works

Thread 1 "coopmat_int8" received signal SIGSEGV, Segmentation fault.
OXx00007ffff5a82656 in brw_from_nir_emit_cs_intrinsic (ntb=..., instr=0x5555557741d8) at
../src/intel/compiler/brw_from_nir.cpp:4846
4846 assert(nval[0].u32 == nval[j].u32);
(gdb) bt
#0 Ox00007ffff5a82656 in brw_from_nir_emit_cs_intrinsic (ntb=..., instr=0x5555557741d8) at
../src/intel/compiler/brw_from_nir.cpp:4846
[..]
#8 Ox00007ffff32f834e in anv_shader_compile_cs (device=0x55555569e550, mem_ctx=0x5555556ech20,
shader_data=0x5555556f71c0O, error_str=0x7fffffffcddo)

at ../src/intel/vulkan/anv_shader_compile.c:954
[...]
#12 Ox00007ffff5084bcl in vk_common_CreateComputePipelines (_device=0x55555569e550, pipelineCache=0x0,
createInfoCount=1, pCreateInfos=0x7fffffffdb50,

pAllocator=0x0, pPipelines=0x555555656ec8) at ../src/vulkan/runtime/vk_pipeline.c:2283
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First, turn off features

Driver-specific environment vars/android props
Disable texture compression
Disable HiZ/LRZ

Add full cache flushes and syncs per draw


https://docs.mesa3d.org/envvars.html

KHR pipeline_executable properties

Disassembly

Disassemblyhjpe:|KHR_pipeline_executable_properties w
61 impl main { ~
62 con block bO: // preds: e
63 div 32 %0 = @load_vector_arg_amd (base=12, arg_upper_bound_u32_amd=0)
64 div 32 %1 = @load_vector_arg_amd (base=11, arg_upper_bound_u32_amd=0)
65 con 32 %2 = @load scalar arg amd (base=1, arg upper bound u32 amd=0)
66 con 32 %3 = load_const (0x00000000 = 0.000000)
67 con 32 %4 = load_const (Oxffff8000 = -32768 = 4294934528)
68 con 64 %5 = pack_64_2x32 split %2, %4 (Oxffffgeoe)
69 con 32x8 %6 = @load_global_amd (%5, %3 (0x0)) (base=0, access=readonly|reorderable|smem-amd, align_mul=32, a
70 con 32 %7 = load_const (0x40800000 = 4.000000)
71 div 32 %8 = fmul %1, %7 (4.000000)
72 div 32 %9 = fmul %0, %7 (4.000000)
73 con 32 %10 = load_const (Oxc0000O00 = -2.000000)
74 div 32 %11 = fadd %8, %10 (-2.000000)
75 div 32 %12 = fadd %9, %10 (-2.000000)
76 div 32 %13 = 2132 %12
77 div 32 %14 = 2132 %11
78 div 32x2 %15 = wvec2 %14, %13
79 div 32x4 %16 = (float32)txf %6 (texture_handle), %15 (coord), %3 (0x0) (lod), O (texture), skip_helpers, 2D
80 con 32 %17 = load_const (0xbf800000 = -1.000000)
81 div 32 %18 = fadd %8, %17 (-1.000000)
82 div 32 %19 = 2132 %18
83 div 32x2 %20 = vec2 %19, %13
84 div 32x4 %21 = (float32)txf %6 (texture_handle), %20 (coord), %3 (0x0) (led), O (texture), skip_helpers, 2D
85 div 32 %22 = 2132 %8
86 div 32x2 %23 = vec2 %22, %13
87 div 32x4 %24 = (float32)txf %6 (texture_handle), %23 (coord), %3 (0x0) (led), O (texture), skip_helpers, 2D
88 con 32 %25 = load_const (0x3f800000 = 1.000000)
89 div 32 %26 = fadd %8, %25 (1.000000)
90 div 32 %27 = 2132 %26
91 div 32x2 %28 = vec2 %27, %13
a? Aiv 27vA %20 = (Flaat2I?Vtvf %R (tavinra handlal L8 {ronrd) %2 (AvAY (Tadd A (tavinral cekin halnare n v
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KHR pipeline_executable properties

Disassemblytype:|KHR_pipeline_executable_properties v|

1909 ; Final Assembly ~
1910

1911 BBO:

1912 5_setprio 2 ; bfb50002

1913 s_movk_ 132 s3, 0x8000 ; boe38000

1914 s_load _b256 s[0:7], s[2:3], null ; f40c0001 f80OOO0O

1915 v_mul_f32 e32 vl1, 4.0, vl ; 100202f6

1916 v_mul_T32 e32 v2, 4.0, v2 ; 10040416

1917 s_delay alu instid@(VALU DEP_2) ; bf870002

1918 v_add f32 e32 v0O, -2.0, vl ; D6POO2TS

1919 v_add 32 e32 v6, -1.0, vl ; D60CcO2f3

1920 v_cvt_i32 32 e32 v7, vl ; 7ebell0l

1921 v_add f32 e32 v1, 1.0, vl ; D60P202f2

1922 v_add 32 e32 v3, -2.0, v2 ; D6P604TS

1923 v_add f32 e32 v8, -1.0, v2 ; D61004f3

1924 v_cvt_132 32 e32 v9, v2 ; 7el21102

1925 v_add f32 e32 v2, 1.0, v2 ; D60P404f2

1926 v_cvt 132 32 e32 v4, vO ; 7e081100

1927 v_cvt_1i32 32 e32 v6, vb ; 7e0cllos

1928 v_cvt_132 32 e32 vl, vl ; 7eB21101

1929 v_cvt_1i32 32 e32 v5, v3 ; 7e0alle3 a
1930 v_cvt_132 32 e32 v8, v8 ; 7el01108

1931 v_cvt_132 32 e32 v2, v2 ; 7e041102

1932 s_waitcnt lgkmecnt(@) ; bf89fcO7

1933 5_clause 0xf ; bfgs000f

1934 image load v[12:15], v[4:5], s[0:7] dmask:0xf dim:5Q_RSRC_IMG_2D unorm ; f0000f84 00000c04

1935 image load v[16:19], [v6, v5], s[0:7] dmask:0xT dim:SQ_RSRC_IMG 2D unorm ; T@000TS5 00001006 00000005
1936 image_load v[20:23], [v7, v5], s[0:7] dmask:0xf dim:5Q_RSRC_IMG_2D unorm ; fO000f85 00001407 00000005
1937 image load v[24:27], [vl, v5], s[0:7] dmask:0xf dim:5Q_RSRC_IMG_2D unorm ; fO000f85 00001801 00000005
1938 image load v[28:31], [v4, v8], s[0:7] dmask:0xf dim:5Q_RSRC_IMG_2D unorm ; fO000f85 00001c04 00000008
1939 image_load v[32:35], [v6, vB8], s[0:7] dmask:0xf dim:5Q_RSRC_IMG_2D unorm ; fO000f85 00002006 00000008
104/ imann Tnad wI2A-201 wl7-01 el=T71 AdAmaclfvf Aim-CN BCRC TME 20 anarm - FRAAARFDA AQQRRIART '
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KHR pipeline_executable properties

Disassembly type: | KHR_pipeline_executable_properties v|

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

---- NIR Shader(s) ----
; The optimized NIR shader(s)

shader: MESA_SHADER_FRAGMENT

source blakel: {0xe3c8bb2a, Oxbdea236b, 0xd63651bc, 0x99edb237, Oxed4alf6Od, Oxdf568539, Oxc4b®2f8b, O0x45574bdc}
prev_stage: MESA SHADER VERTEX

num_textures: 1

outputs_written: 4

system_values_read: 0x00000000'00000000'00000000'00080000
float controls execution mode: @x00000010

api_subgroup size: 64

max_subgroup size: 64

min_subgroup size: 64

bit sizes fleat: 0x20

bit sizes int: 0x21

separate shader: true

known_interpolation_qualifiers: true

flrp_lowered: true

origin upper left: true
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NIR compiler debug

# MESA_ SHADER_CACHE _DISABLE=1 NIR DEBUG=print renderdoccmd replay [..]
nir lower vars to ssa
shader: MESA SHADER FRAGMENT
source blake3: {0xe3c8bb2a, 0xbdea236b, 0xd63651bc, 0x99edb237, [..]}
[..]
32 %162
32x4 %163
[.]
nir propagate invariant
nir merge clip cull distance vars
nir lower doubles
ac_nir_lower_sin_cos
nir lower system values
shader: MESA SHADER FRAGMENT
source blake3: {0Oxe3c8bb2a, 0xbdea236b, 0xd63651bc, 0x99edb237, [..]1}
[..]
32x4 %141 = @load frag coord

deref var &ps frag coord (system vec4)
@load deref (%162) (access=none)
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GPU hangs

AMD: devcore, UMR

Intel: devcore, 1915 DUMP CMD=1
Qualcomm: devcore, TU DEBUG=rd
Broadcom: V3D DEBUG=clif


https://docs.mesa3d.org/drivers/amd/hang-debugging.html#radv-debug-hang
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Performance debug

« VK KHR performance query
- Intel, AMD (a bit), Qualcomm, Raspberry Pi



4
i

17721

Performance visualization

HOW STANDARDS PROLIFERATE:
(468 A/C CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)

17! RDICULOLS! GOON:
WE NEED o DEVELOP
- || onE unvERsAL STNDRRD ,
OITUATION: | | Toar covers Evervongs | | OTUATION:
THERE ARE || UsE CPSES, THERE ARE

4 COMPETING YERH. I5 COMPETING

STANDPRDS. \Cﬁ) (/?\7} STANDPRDS.
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Perfetto tracing
GPU QUete 0

T . coo IR S
Py Quete

uling
CPU 0 Scheduling

~ GPLU Counters

% Time Shading Fragments

glretrace 514206 (main thread ) | Running (I | [F. | Running

% Time Shading Vertices ~
glretrace 514206 (main thread )
% Vertex Fetch Stall ~ " | ”.
% Time ALUs Working ~ 7537 Current Selection T v
% Shaders Busy v — Slice RenderPass Contextual Options -
% Shaders Stalled ~ ww Details Arguments
s 1a den et ilegy 1 Name Render Pass maxSamples - 1
Category N/A clearCPP ~ 0
Start time 00:00:02.213 083 260 loadCPP - 16
Absolute Time 2026-02-06T01:02:24.645663073 storeCPP ~ 16
Duration 7ms 491ys 16ns hasDepth - true
SQLID slice[703039] - ubwe - Yyly
chDisableReason ~
width -~ 1920
height - 1088
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Do your users care about
Mesa?

 Steam hardware survey is 3.3% Linux, and has
been growing year-over-year.

* High linux usage in workstations.

« Some android apps are shipping with Mesa.
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Resources

 debug builds
» perfetto

« GPU hang debugging


https://docs.mesa3d.org/install.html
https://docs.mesa3d.org/perfetto.html
https://docs.mesa3d.org/graphics-debugging/debugging-misrenderings-crashes.html

Questions

Join us!

https://www.igalia.com/jobs
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