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Full-Screen Pixel Shader

m m

SM = Streaming Multiprocessor

L1TEX = Level 1 cache + Texture unit
L2 = Level 2 cache

VRAM = GDDR video-memory controller
CROP = Color ROP

3 <A NVIDIA.



Unit Throughput% Metrics

m m

“Throughput’%” = % of max theoretical throughput

Also known as:
- Speed Of Light% (SOL%)
Peak-Perf%



Top Throughput% Units

EN-EE- -

Example:

SM: 70%
LITEX: 57%
L2: 5%
VRAM: 2%

CROP:

2%

» SM-throughput limited

5 <A NVIDIA.



SM Sub-Throughput Metrics

SM: 70% SM FMA Pipe: 70%
LITEX: S57% SM SFU Pipe: 52%
L2: 5% SM ALU Pipe: 25%
VRAM: 2% SM FP16 Pipe: 0.0%
CROP: 2%

SM pipes on Turing GPUs

FMA: fp32 {FADD,FMUL,FMAD, ...} ops + int {IMUL, IMAD} ops
ALU: integer & logic ops

FP16: FP16 ops executed in pairs

SFU: transcendental ops (rsqrt, cos/sin, etc.)

FMA-Pipe-Throughput

Limited

6

NVIDIA.



Nsight Graphics: GPU Trace
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FMA-THROUGHPUT LIMITED
Why?

For each Sample, shaders reconstruct a 3D world-space position with:

float2 SampleScreenPosition = (SampleScreenUV.xy - View.ScreenPositionScaleBias.wz) /
View.ScreenPositionScaleBias.xy;

float4 SampleHomogeneousWorldPosition = mul(float4(SampleScreenPosition *
SampleDepth, SampleDepth, 1), View.ScreenToWorld); < 4x4 matrix mul

float3 SampleWorldPosition = SampleHomogeneousWorldPosition.xyz /
SampleHomogeneousWorldPosition.w;

9 <A NVIDIA.



FMA-REMOVAL EXPERIMENT:

#if O

float4 SampleHomogeneousWorldPosition =
mul(float4(SampleScreenPosition * SampleZ, SampleZ, 1), View.ScreenToWorld);

#Helse

float4 SampleHomogeneousWorldPosition =
float4(SampleScreenPosition * SampleZ, SampleZ, 1);

#endif

10 NVIDIA.



FMA-REMOVAL EXPERIMENT:

4X4 MATRIX MUL -> NOP

GPU Elapsed Time 5.99 ms 4.88 ms 1.23x Gain
Throughput: SM | 71.0% | 63.7% | 0.90x
Throughput: L1TEX | 56.6% | 67.8% | 1.20x
Throughput: L2 | 4.6% | 5.5% | 1.20x

On RTX 2080 with SetStablePowerState(TRUE)



THE P3 (PEAK-PERF%) METHOD

START

-

Frame duration (60 FPS)

G P U Active% - CPU frame duration

Frame Action

...| Frame #930 [13.991...| Frame #931 [15.089 ...

Frame #932 [40.085 ms]
..|| Build frame [13.68...| ' Build frame [14.844 ...

. Build frame [39.800 ms] Build|
Map/Unmap [Delt...
Frame health

Map/Unmap [Delta 156.30%)]
o Shader Compile [Delta inf%]
< 95/) Stutter 158.84% Delta

»

GPU frame duration

Use > Dx12

»

F...|Frame #929 [14.388...

Frame #930 [14.754 ... Frame #931 [39.

Command Lists Creation

Nsight Systems

Swap Chain 0 I

PSO Creation Stalls
I ! \ on Critical Path
¥  Command Queue 0 (Direct)
0 0

0 0

API

GPU Command List Markers

db o UG 00 ol s Ot o DGR

VSYNC - NVIDIA GeForce RTX 2080

Video-Memory
Overcommitment

. Memory:
Usage: 6,499.84 MiB
Budget: 14,706.11 MiB

12 <ANVIDIA.



THE P3 (PEAK-PERF%) METHOD

START
Else

GPU Active%

Top Throughput Unit%

Top Throughput% < 60% > 80%

In [60%,80%]

Use
Nsight Systems

Latency Throughput
Limited by Unit X Limited by Unit X

Reduce Latency & Remove Work
Increase Parallelism from Unit X

Increase cache hit rates If X==FMA: remove FMA-pipe ops
Increase texture parallelism

Use async queues

13 <ANVIDIA.
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START

THE P3 (PEAK-PERF%) METHOD

Else

GPU Active%

Use
Nsight Systems

Top Throughput Unit%

Top Throughput% < 60% > 80%

In [60%,80%]

Latency Throughput
Limited by Unit X Limited by Unit X

Reduce Latency & Remove Work
Increase Parallelism from Unit X

Increase cache hit rates If X==FMA: remove FMA-pipe ops
Increase texture parallelism

Use async queues
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Case Study #1:
RTAS Updates+// Async Compute

in Metro Exodus
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|2J Connect @

2-MetroBHV-Before.nsight-gfxgpt X

Color By: Stages ¥ Ruler Relative: Capture ~ @) Export... [ JResetZoom Trace Compare...
z 2 : : >
Time 7907.33ps 0ps 8000ps 8050ps 8100ps 8150ps 8200ps 8250ps 8300ps 8350us 8400us 8450ps 8500ps 8550ps 8600.89ys Summary Metrics Detailed Metrics Capture Information
Efaies flams Btz I Start: 7.91ms Duration: 0.70 ms
¥V qo - | End: 8.61ms Range: All Visible
i oS Unit Throughput 2 Value =
P All Actions BuildRaytracingAccelerationStructure 2-18 (0.70ms) VRAM Throughput 3.03%
fi % ) = o
| Render/RTX-BLAS (0.16ms) | Render/RTX-TLAS (0.54ms) W L1TEX Throughput 2.34%|

Average Warp Occupancy For Workload: 3.4%

?— —
Active SM Unused Warp Slots
B Compute Warps
I Idle SM Unused Warp Slots
Vertex/Tess/Geometry Warps

[ Pixel Warps

Top Unit Throughput % << 60% + SM Occupancy% << 100% =» Use Async Compute?



.
Independent Workload #1:
Screen-Space PreTracing —

Color By: Stages ¥  Ruler Relative; Capture ¥ Export... L ,ResetZoom Trace Compare...
7100ps i i »
Time 6771. 45“5 6950us 508 00n o1y e o Summary Metrics Detailed Metrics Capture Information
Frames ' Frame 0 (30.34m) _ start: 677 ms Durations, 046 ms
¥ Qo End: 7.24ms Range: All Visible
Unit Throughputs: o R
P All Actions p o SM Instruction Throughput

i e U e SM. 62(y ¥ SM FMA Pipe Throughput
s . ST M e ° (0] M LiTEX Throughput
B SM Issue Active

L1TEX:54% e s

SM SFU Pipe Throughput 3366%)
¥ Unit Throughputs B s - e E———— L2 J 42? SM ALU Pipe Throughput 15.3060)
£ D I ) B ° 0 B VRAM Throughput 12.70%)
: ) : ; : 3 B PROP Throughput 0.00%
SM Instruction Throughput PD Throughput 0.00%
LITEX Throughput e B e ol i
B RASTER Throughput 0.00%
f2ihaugapys e ————————————— | ——————————— ZROP Throughput 0.00%
VRAM Throughput : Il CROP Throughput 0.00%
PD Throughput 5 SM FP16+Tensar Pine Throuahnut n.on% ¥
Warp Occupancy Value =
PES+VPC Throughput Idle SM Unused Warp Slots 1-03%|
RASTER Throughput Active SM Unused Warp Slots 4.46%)
PROP Throughput || ?mlpvl:lte Warps -mo 00
xe arps A o
ZROP Throughput Vpnny+T:<c+Cnnm Warne nonos (7
CROP Throughput
P GPU Active

P SM Occupancy (TPC View)




Independent Workload #2:
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ASYNC COMPUTE DIFF
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ASYNC-COMPUTE OVERLAP

(RTAS Updates) // (Async Compute)

GPU Elapsed Time 1.83 ms 1.30 ms 1.41x Gain
Throughput: L2 | 39.2% | 54.8% | 1.40x
Throughput: SM | 30.1% | 42.0% | 1.40x
Throughput: L1TEX | 26.9% | 37.4% | 1.39x
SM Occupancy | 53.8% 7 78.2% 7 1.45x

On RTX 2080 with SetStablePowerState(TRUE)
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Case Study #2:
Shadow Maps // Async Compute
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ASYNC-COMPUTE OVERLAP

(SHADOW MAPS) // (HBAO+SSR+LIGHT-CULL)

GPU Elapsed Time
Throughput: VRAM
Throughput: L1TEX

Throughput: SM

SM Occupancy

2.45 ms 2.15 ms
34.2% | 40.8%
31.0% | 34.0%
22.1% | 24.3%
59.5% 70.6%

On RTX 2080 + SetStablePowerState(TRUE)

1.14x Gain

1.19x

1.10x

1.10x

1.19x

31

“ANVIDIA.



Case Study #3:
Bad Async-Compute Pairing
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Independent Workload #1:
Water Simulation
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Independent Workload #2:
GBuffer Fill -
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BAD ASYNC-COMPUTE PAIRING

(BLUR CS) // (GBUFFER + WATER SIM)

GPU Elapsed Time 5.89 ms 6.12 ms 0.96x Loss
Throughput: VRAM | 43.1% | 47 .1% | 1.09x
Throughput: L1TEX | 36.9% | 35.4% | 0.96x
Throughput: L2 | 27.0% | 26.0% | 0.96x
SM Occupancy | 54.9% | 57.5% | 1.05x

L2 Read Hit Rate 52.3% 44.5% 0.85x

On RTX 2080 with SetStablePowerState(TRUE)
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Blur Compute Shader
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Independent Workload #1:
Water Simulation
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Independent Workload #2:
GBuffer Fill -

Color By: Stages ¥  Ruler Relative; Capture ¥  [8)Export.. [ )ResetZoom Trace Compare...
: S - s >
S 27.9549ms 28.5ms 29ms 20.4432ms 30ms 30.5ms 3ims 31.5ms 32ms Summary Metrics Detailed Metrics Capture Information
A S B A M#MMM#_MM@_
Frames = Frame 0 (45.26m) start: 2795 ms buration: 4.29 ms
¥ Qo - | End:  32.25ms Range:  All Visible
- I Unit Throughput 2 Value o
Synchronization -

Unit Throughputs: = i 54578

O All Actions M LITEX Throughput 33.05%)

Workload_70 (4.29ms) V RAM : 3 O% M 12 Throughput ;2

) | I Workioad 86 (0 B PES+VPC Throughput

Markers - ' == L 1 T EX . 3 3 0/ SM Instruction Throughput 22.08%)

. (0] B SM Issue Active 20.945)

ZROP Throughput 19.84%)

SM FMA Pipe Throughput 19.50%)

» Unit Throughputs B CcroP Throughput 18.26%)

B RASTER Throughput 10.37%%)

Il PROP Throughput 9.39%)

S SM SFU Pipe Throughput 8.77%)

SM ALU Pipe Throughput 8.1298)

: PD Throughput 7139
P SM Occupancy (TPC View) - | : SM FP16+Tensar Pine Throuahnut n.0n% ¥
Warp Occupancy Value =

S -] Idle SM Unused Warp Slots 5.74%)

7 : & : Active SM Unused Warp Slots 5
V' 12 Read Hit Rates B b o nedetbng Do tndet et VYV EREE M- Soacetnl  MBadi e i sibaddh, = compute warps 0.00%
L2 Read Hit Rate s, i et bl e et siited rubiBEERR MRl it ettt dbh, o

) Vertey+Teae+Ganm Warng 7 aaodl ¥
L2 Read Hit Rate from LITEX 2 -
M 12 Read Hit Rate 60.91%
PN N PPN ——— =

L2 Read Hit Rate: 61%

» VRAM Bandwidth - |

sesens



THE P3 (PEAK-PERF%) METHOD

START

GPU Active% Flse Top Throughput Unit%

< 95%

Use
Nsight Systems

Top Throughput% < 60% > 80%

In [60%,80%]

Latency Throughput
Limited by Unit X Limited by Unit X

If X 1= VRAM

If X == VRAM

Reduce VRAM Reduce Latency & Remove Work
Accesses Increase Parallelism from Unit X
Increase cache hit rates Increase cache hit rates
Reduce texture formats Increase texture parallelism

Use async queues
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Case Study #4:
VRAM-Limited Denoiser CS
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THREAD-GROUP LAUNCH ORDER
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THREAD-GROUP LAUNCH ORDER
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THREAD-GROUP LAUNCH ORDER
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THREAD-GROUP LAUNCH ORDER
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THREAD-GROUP LAUNCH ORDER

Thread groups launched sequentially have far-appart pixel coordinates
=> Increases the size of the working set in L2

=» Can cause poor L2 hit rate and long TEX miss latencies
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THREAD-GROUP TILING
W|||||||||||||||||||

Divide the Dispatch grid into tiles of width=N



uint N = 16;
uint vThreadGrouplDFlattened = (Dispatch_Grid_Dim.x)*groupld.y + groupld.x;
uint Total_number_of_ThreadGroups_in_one_tile = N*(Dispatch_Grid_Dim.y);

uint Tile_ID_of_current_ThreadGroup = (vThreadGrouplDFlattened)/Total_number_of_ThreadGroups_in_one_tile;
uint Local_ThreadGroup_ID_flattened_within_current_tile =
(vThreadGrouplDFlattened)%Total_number_of_ThreadGroups_in_one_tile;

uint Local_ThreadGroup_ID_y_within_current_tile = (Local_ThreadGroup_ID_flattened_within_current_tile)/N;
uint Local_ThreadGroup_ID_x_within_current_tile = (Local_ThreadGroup_|D_flattened_within_current_tile)%N;

uint Tiled_vThreadGrouplDFlattened = Tile_ID_of_current_ThreadGroup*N +
Local_ThreadGroup_ID_y_within_current_tile*(Dispatch_Grid_Dim.x) + Local_ThreadGroup_I|D_x_within_current_tile;

uint2 TiledvThreadGrouplD;
TiledvThreadGrouplD.y = Tiled_vThreadGroupl|DFlattened/Dispatch_Grid_Dim.x;
TiledvThreadGrouplD.x = Tiled_vThreadGrouplDFlattened%Dispatch_Grid_Dim.x;

uint?2 TiledvThreadl|D:;
TiledvThreadID.x = (ThreadGroup_Dim.x)*TiledvThreadGrouplD.x + groupThreadindex.x;
TiledvThreadID.y = (ThreadGroup_Dim.y)*TiledvThreadGrouplD.y + groupThreadindex.y;
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THREAD-GROUP TILING

Tile Size: [16, Dispatch_Grid_Dim.y]

GPU Elapsed Time 2.36 ms 1.61 ms 1.47x Gain
Throughput: VRAM . 56.3% . 30.4% . 0.54x
Throughput: SM . 33.8% . 51.3% . 1.52x
L2 Read Hit Rate . 62.5% . 85.8% 1.37x

SM Warp Stalls on

77.8% 58.6% 0.75x
long_scoreboard

On RTX 2080 with SetStablePowerState(TRUE)
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THE P3 (PEAK-PERF%) METHOD

START
Else

GPU ActiveX Top Throughput Unit%

Top Throughput% < 60%
P INTOUShPULA < In [60%,80%]

Use
Nsight Systems

If X == VRAM

Latency Throughput
Limited by Unit X Limited by Unit X

f X 1= VRAM

Reduce VRAM Reduce Latency & Remove Work
Accesses Increase Parallelism from Unit X
Increase cache hit rates Increase cache hit rates
Reduce texture formats Increase texture parallelism

Use async queues
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Case Study #5:
Lighting CS using Shared Memory
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Color By: Stages *  Ruler Relative: Capture = 4] Export... I JReset Zoom  Trace Compare...

Time 5 26.4996ms 27ms 7.5ms 2ams 28.5ms Zoms 29.5537ms

Frames - | Frame 0 (54.74ms) I
¥ Qo - |

Synchronization

Warp launch stalls on
shmem_allocation:

P Unit Throughputs - |

# Warp issue stalls on
“¥ long_scoreboard: 42%

e ) _
.

P SM Warp Can't Launch

P GPU Active

Summary Metrics Detailed Metrics

Start: 26.50 ms
End: 29.57 ms

Metric

Capture Information Annotations

Duration: 3.07 ms
Range: All visible

Value

tpc__warp_launch_cycles_stalled_shader_cs_reason_barrier_allocation.avg.pct_of_peak_sustained_elapsed
tpc_ warp_launch_cycles stalled shader cs reason cta_allocation.avg.pct of peak sustained elapsed
tpc__warp_launch_cycles_stalled_shader_cs_reason_register_allocation.avg.pct_of_peak_sustained_elapsed
tpc_ warp_launch_cycles stalled shader cs reasen_shmem_allocation.avg.pct_of peak sustained elapsed
tpc__warp_launch_cycles_stalled_shader_cs_reason_warp_allocation.avg.pct_of_peak_sustained_elapsed

lltex t sector hit_rate.pct

smsp__warp_issue_stalled_barrier_per_warp_active.pct

smsp__warp_issue_stalled dispatch_stall per warp_active.pct

smsp__warp_issue_stalled_drain_per_warp_active.pct

smsp__warp_issue_stalled imc_miss per warp_active.pct

smsp__warp_issue_stalled_lg_throttle_per_warp_active.pct

smsp__warp_issue_stalled long_scoreboard per warp_active.pct
smsp__warp_issue_stalled_math_pipe_throttle_per_warp_active.pct
smsp__warp_issue_stalled_membar_per_warp_active.pct

smsp__warp_issue_stalled_mio_throttle_per_warp_active.pct

smsp__warp_issue_stalled_misc_per_warp_active.pct

smsp__warp_issue_stalled_no_instruction_per_warp_active.pct

smsp__warp_issue_stalled_not_selected_per_warp_active.pct

smsp__warp_issue_stalled_selected_per_warp_active.pct

smsp__warp_issue_stalled_short_scoreboard_per_warp_active.pct
smsp__warp_issue_stalled_sleeping_per_warp_active.pct

smsp__warp_issue_stalled_tex_throttle_per_warp_active.pct

smsp__warp_issue_stalled_wait_per_warp_active.pct

0.00
0.00
1.19
93.00
0.00
86.46
0.13
0.12
0.01
3.80
0.00
41.75
4.99
0.00
0.64
0.16
7.22
6.60
11.79
4.43
0.00
0.00
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SHARED-MEM-SIZE REDUCTION

Before: store light data into shared mem

static groupshared LightData SharedMem[MaxLightCount];

After: store light indices into shared mem
static groupshared uint SharedMem[MaxLightCount];

And load light data via non-divergent indexed constant-buffer loads

62 NVIDIA.



CUDA OCCUPANCY CALCULATOR

Multiprocessor Warp Occupancy

(#warps)

64

56

48

40

32

24

16

Impact of Varying Shared Memory Usage Per Block

y Shared Men¥pry, 6144

D O | O

\A \ e 32768

—— 55536
N B <] [ee] = = = = = N N N N N w
o o = = o N N (o] (ee] o N B [e)] [o0] o
B ©O e ©o N N w W N PN Q1 a1 (<] [¢] ~
oo o B N B [or] W [ee] w [e] N ~ N ~ N
o oo ] B N o [oe] o S N o

Shared Memory Per Block

89/¢¢€

For Turing RTX GPUs (Compute Capability 7.5)

NVIDIA.



SHARED-MEM-SIZE REDUCTION:

6,144 -> 256 bytes per thread group

GPU Elapsed Time 3.06 ms 2.21 ms 1.38x Gain

SM Throughput 47.5% 66.1% 1.39x

Warp launch stalls on |

shmem_allocation 94% 0% +INF

Warp issue stalls on

41.7% 36.7% 1.14x
long_scoreboard

On RTX 2080 with SetStablePowerState(TRUE)

64 <A NVIDIA.



THE P3 (PEAK-PERF%) METHOD

START

GPU Active% Flse Top Throughput Unit%

< 95%

Use
Nsight Systems

Top Throughput% < 60% > 80%

In [60%,80%]

Latency Throughput
Limited by Unit X Limited by Unit X

If X 1= VRAM

If X == VRAM

Reduce VRAM Reduce Latency & Remove Work
Accesses Increase Parallelism from Unit X
Increase cache hit rates Increase cache hit rates If FMA: remove FP32 +/*
Reduce texture formats Increase texture parallelism

Use async queues
Reduce occupancy limiters

65 <ANVIDIA.



Case Study #6:
Thread-Divergence-Limited

DispatchRays in Battlefield V
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! NVIDIA Nsight Graphics
File Connection Tools Window Help
) Connect

Original.nsight-gfxgpt X

Color By: Stages ¥  Ruler Relative; Capture ¥  [8)Export.. [ )ResetZoom Trace Compare...
o 12.4854ms  12:6ms 12.7ms 12.8ms 12.9ms 13ms 5 - L*. s s e
L]
s s Unit Throughputs:
- 2:
Synchronization i
VRAM: 12%
. (0]
¥ All Actions DispatchRays 2 (1.13ms
SM: 8%
T
T — . (0]
o o eSS R —— .
arkers

P Unit Throughputs

P GPU Active

P SM Occupancy (TPC View)

sesens

sensse

Summary Metrics

Start: 1248 ms
End: 13.61 ms

Unit Throughput
M L2 Throughput
B VRAM Throughput
SM Instruction Throughput
B SM Issue Active
M LiTEX Throughput
SM FMA Pipe Throughput
SM ALU Pipe Throughput
SM SFU Pipe Throughput
Il PROP Throughput
PD Throughput
PES+VPC Throughput
[l RASTER Throughput
ZROP Throughput

Warp Occupancy
Idle SM Unused Warp Slots
Active SM Unused Warp Slots
Il Compute Warps

Detailed Metrics

Capture Information

Duration:
Range:

Annotations

1.13ms
Selected

Value

23.76%)
12.164)
7.639%)
7.63%)
7.42%4)
5.81%)
5.33%)
2.42%)|
0.00%
0.00%
0.00%
0.00%
0.00%

Value
5.80%)
;

-




sight Graphics

File Connection Tools Window Help
<) Connect

Original. nsight-ghagpt X

Color By: Stages *  Ruler Relative: Capture *  [B)Export.. [ JResetZoom Trace Compare...
Tuma 12.4823ms 115[5“, 12.£lm 12.65ms 12.7 12.7313ms ™ ujtm lZ.EIan LZ.TM uglsm ulns B.Glim 13.1ms 13, 15ms B.sz u.z]sns B.Jam: 13.35ms 13.T-ns B.alsm u._lims 13.55m 13.6148ms Summary Metrics Detailed Metrics Capture Information Annotations
- I e o 3om P -
Y Qo - | End:  13.61ms Range:  Selected
Synchronization Metric Value
ATt I1tex__t_sector_hit_rate.pct 67.48
ey . 0 o lts__t_sector_hit_rate.pct 90.22
Active Threads per Inst Executedb: << 50% S ——
o L 0 smsp__warp_issue_stalled_barrier_per_warp_active.pct 0.00
. . . . . smsp__warp_issue_stalled_dispatch_stall_per_warp_active.pct 0.01
! Indicates packing issue and/or high divergence Wwmww—w - oo
smsp__warp_issue_stalled_imc_miss_per_warp_active.pct 0.09
I ° _ smsp__warp_issue_stalled_lg_throttle_per_warp_active.pct 0.04
9 Red u Ce n u m be r Of h 'I t S h a d e rS smsp__warp_issue_stalled_long_scoreboard_per_warp_active.pct 10.34
| smsp__warp_issue_stalled_math_pipe_throttle_per_warp_active. pct 0.15
\ . FE—— —_— mm smsp__warp_issue_stalled_membar_per_warp_active.pct 0.00
S AU AT A AT ARAARA R ATA TR ARA AR AR A LR AR ARARE TR TR TE IR A LU ARA AR ARA AR ARAA VA RA AR AR AR VAN smap_warp_jssue_stalled_mio_throttle_per. warp. active.pct 0.5
smsp__warp_issue_stalled_misc_per_warp_active.pct 2.64
smisp__warp_issue_stalled_no_instruction_per_warp_active.pct 60.78
smisp__warp_issue_stalled_not_selected_per_warp_active.pct 0.23
smsp__warp_issue_stalled_selected_per_warp_active. pct 2.70
smsp__warp_issue_stalled_short_scoreboard_per_warp_active_pct 10.68
smsp__warp_issue_stalled_sleeping_per_warp_active.pct 0.00
smsp__warp_issue_stalled_tex_throttle_per_warp_active.pct 0.60
smisp__warp_issue_stalled_wait_per_warp_active.pct 3.60
s sm__inst_executed.sum 23534168.00
 Unit Throughputs =

> o o [

P SM Occupancy (TPC View)

smsp__thread_inst_executed_pred_on_per_inst_executed.pct: '
The percentage of active not predicated off threads per instruction executed




MNVIDIA Nsight Graphics

File Connection Tools Window Help
<) Connect

Original. nsight-ghugpt X

Color By: Stages *  Ruler Relative: Capture *  [@)Export... [ JResetZoom Trace Compare...
R 12 4823ms 12.55ms  12.6ms  12.65ms  12.7ms  12.7Sms  12.8ms  12.85ms  129ms  12.95ms 13ms. 1305ms  1iims  13dSms  130ms  132%ms  133ms  133%ms L3dms Lo S 5m 1 2 6148ms
¥ Qo
Synchronization
Inc Actions
¥ All Actions DispatchRays 2 (1.13ms)
GameRenderer::render (16.63ms)
worldDraw (16.52ms)
Markers

Warp Issue Stalled, No Instruction: /0% >> 10%
. => Reduce instruction count in hit shaders

P i —— il
> c o g - - - " — " ~—— "~ [

» unit Throughputs

P SM Occupancy (TPC View)

| B

smsp__warp_issue_stalled_no_instruction_per_warp_active.pct:

Summary Metries Detailed Metrics Capture Information Annotations.
Start: 12.48 ms Duration:  1.13 ms
End: 13.61ms Range: Selected

Metric Value
litex__t_sector_hit_rate.pct 67.48
lts__t_sector_hit_rate.pct 90.22
smsp__thread_inst_executed_pred_on_per_inst_executed. pct 29.00
smsp__warp_issue_stalled_barrier_per_warp_active.pct 0.00
smsp__warp_issue_stalled_dispatch_stall_per_warp_active.pct 0.01
smsp__warp_issue_stalled_drain_per_warp_adtive.pct 0.02
smsp__warp_issue_stalled_imc_miss_per_warp_active.pct 0.09
smisp__warp_issue_stalled_lg_throttle_per_warp_active.pct 0.04
smsp__warp_issue_stalled_long_scoreboard_per_warp_active.pct 10.34
smsp__warp_issue_stalled_math_pipe_throttie_per_warp_active.pct 0.15
smsp__warp_issue_stalled_membar_per_warp_active.pct 0.00
smisp__warp_issue_stalled_mio_throttle_per_warp_active. pct 0.55
smsp__warp_issue_stalled_misc_per_warp_active.pct 264
smsp__warp_issue_stalled_no_instruction_per_warp_active.pct 60.78
smsp__warp_issue_stalled_not_selected_per_warp_active.pct 0.23
smsp__warp_issue_stalled_selected_per_warp_active.pct 2.70
smsp__warp_issue_stalled_short_scoreboard_per_warp_active.pct 10.68
smsp__warp_issue_stalled_sleeping_per_warp_active.pct 0.00
smsp__warp_issue_stalled_tex_throttle_per_warp_active.pct 0.60
smisp__warp_issue_stalled_wait_per_warp_active.pct 3.60
sm__inst_executed.sum 23534168.00

The percentage of active warps that were stalled waiting to be selected to fetch an instruction or waiting on an icache miss



THE OPAQUE FLAGS

D3D12_RAYTRACING_GEOMETRY_FLAG_OPAQUE
D3D12_RAYTRACING_INSTANCE_FLAG_FORCE_OPAQUE

RAY_FLAG_FORCE_OPAQUE

Indicates whether triangles are fully opaque or not
Stop rays earlier

Helps reduce the number of evaluated materials
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Original OPAQUE flags

DispatchRays:

1.13 ms

’ A‘.V




Battlefield V DXR

Di

spatchRays: 0.58 ms (1.95x)

% 'A..’. . "'




FORCE_OPAQUE EXPERIMENT

GPU Elapsed Time 1.13 ms 0.58 ms 1.95x Gain

Top Throughput: L2 23.8% 24.0% 1.01x
SM Active Threads Per |

Instruction Executed 29.0% 40.5% 1.40x
SM Instructions

Executed Per Warp 725.1 425.2 0.59x
SM Warp lIssue Stalls, 69.8% 63,29 0,08

No Instruction

On RTX 2080 with SetStablePowerState(TRUE)

74 <A NVIDIA.



THE P3 (PEAK-PERF%) METHOD

START

GPU Active% Flse Top Throughput Unit%

< 95%

Use
Nsight Systems

Top Throughput% < 60% > 80%

In [60%,80%]

Latency Throughput
Limited by Unit X Limited by Unit X

If X 1= VRAM

If X == VRAM

Reduce VRAM Reduce Latency & Remove Work
Accesses Increase Parallelism from Unit X
Increase cache hit rates Increase cache hit rates If FMA: remove FP32 +/*
Reduce texture formats Use async queues

Reduce warp issue stall reasons
Reduce warp launch stall reasons
Reduce instructions executed

75
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NVIDIA TOOLS FOR GPU PROFILING

Two Nsight: Graphics modules

Graphs over time Y N
Async queue support Unbiased Serialized
APlIs DX12 only so far DX12, DX11 and Vk

GPUs >=Turing >= Kepler



CONCLUSION

A method to triage the performance of any GPU workload:
Start from the « Top Throughput% » Metrics (aka SOL% or Peak-Perf%)
Do NOT start from SM Warp Occupancy

We have been keeping up-to-date as tools and GPUs evolve.

Async Compute rule of thumb:

Do not overlap 2 VRAM-latency-limited workloads


https://devblogs.nvidia.com/the-peak-performance-analysis-method-for-optimizing-any-gpu-workload
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