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AUTONOMOUS
MACHINES
PROTOTYPE

Intel Core i7 Skylake + GTX 1070
>200 W

28 TOPS

4000 cm?
Consumer grade




JETSON AGX XAVIER PLATFORM

1 Jetson AGX Xavier

30 W
32 TOPS
600 cm?3

Commercial grade

AGX Xavier Dev Kit (5699)

JetPack SDK

DeepStream SDK

Remote Communications
Configuration Management

Obstacle

Sensor
Fusion

Stereo

N Depth Est.

detection

Tracking

—> Local.

—

Mapping

Path
planning

Controller




JETSON AGX XAVIER

World’s First Autonomous Machine Platform

Carmel ARM V8.2 CPU

8 Cores 4x2MB L2, 4MB L3
10-wide Superscalar

Cache coherent CPU complex

Volta Tensor Core GPU
FP32/FP16/INT8 Multi-Precision
512 CUDA Cores

6 TFLOPS (FP16)

22.6 Tensor Core DL TOPS

DLA - Designed for Inference
5.7 TFLOPS FP16
11.4 TOPS INT8

Computer Vision Engines
Vision Accelerator

Stereo & Optical Flow Engine
HDR ISP

Jetson AGX Xavier

Carmel CPU
Complex

Computer Vision

: Multimedia Complex
Engines

Boot, Power & Security

Volta GPU
Sensor |0

High Performance

Deep Learning 0

Accelerators

Memory
256-Bit LPDDR4X
32GB, 137 GB/s

Multimedia Engines

Encode, Decode,

Video Image Compositor
H.264, H.265, VP9

HDMI and DP Display support

Boot, Power & Security

Boot and power management processor
TEE + ARM TrustZone

AES, RSA, SHA

Industry Standard 10
Always on Sensor processor engine (AON/SPE)
CAN, DMIC, GPIO, I2C, IS, PMC, SPI, UART

Industry Standard High-Speed 10

PCle Gen4 Root and Endpoint

16 lanes MIPI CSI-2 | 8 lanes SLVS-EC
Support C-Phy and D-Phy

RGMII Ethernet

USB 3.1 and 2.0
USB 3.1 Gen2 Host and Device

7
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JETSON SOFTWARE

DeepStream & Isaac SDKs

6 2
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Jetson

Jetson software: developer.nvidia.com/jetson


https://developer.nvidia.com/embedded/jetpack
https://developer.nvidia.com/embedded/develop/tools
https://developer.nvidia.com/deepstream-sdk
https://github.com/NVIDIA-AI-IOT/redtail/tree/master/stereoDNN
https://github.com/dusty-nv/jetson-inference
https://github.com/NVlabs/Deep_Object_Pose
https://developer.nvidia.com/embedded/develop/software
https://developer.nvidia.com/embedded/develop/tools
https://developer.nvidia.com/embedded/jetpack

JETPACK SDK ARCHITECTURE

Deep Learning Computer Vision Accel. Computing Graphics Multimedia Sensors Developer Tools

CuDNN OpenCV CuFFT OpenGL / ES V4L2 Library

Image Processing

Gstreamer

Camera

, Nsight Systems
(LibArgus/V4L2)

SPE RTOS
PCle / Ethernet

CUDA-X Nsight Compute

TensorFlow

X11 / Wayland / Nsight Graphics

LibDRM

Media CODECs

Board Support Package (BSP) Cross Compile &

Diagnostic Utils
Flashing scripts

10 <A NVIDIA.




JETSON LINUX

NVIDIA® Jetson™ Linux Driver Package (L4T)

Linux Kernel 4.9

Ubuntu 18.04

JETSON NANO JETSON TX2 JETSON XAVIER NX JETSON AGX XAVIER
GPU 128 Core Maxwell 256 Core Pascal 384 Core Yolta 512 Core Volta
0.5 TFLOPs (FP16) 1.3 TFLOPS (FP16) 21TOPs (INT8) 32TOPs (IMTE)
CPU 4 core ARM A7 & core Denver and AS7 6 core Carmel ARM v8.2 &64-bit CPU 8 core Carmel ARM v8.2 64-bit CPU
CPU Max Freq 1.43 GHz 6 core DE"”T;‘??EL';‘GHZ | 4 core 4/6 core @ 1.4 GHz | 2 core @ 1.9 GHz 8 core @ 2.265 GHz

11 <A NVIDIA.



COMMON MIGRATING ANALYSIS

Cross compile tools chain

— compile on ARM

— ARM package

compile
“— dependency —[
replace

open source =

Python JDK

programming lanarage —[
C++/C

https://docs.nvidia.com/jetson/l4t/index.html#page/Tegra%20Linux%20Driver%k20Package%
20Development%20Guide/xavier toolchain.html

12 <ANVIDIA.


https://docs.nvidia.com/jetson/l4t/index.html#page/Tegra%20Linux%20Driver%20Package%20Development%20Guide/xavier_toolchain.html

il
— RTSP/RAW ’» DECODE —
r-

JETSON MIGRATING :DEEPSTREAM

IMAGE

PROCESSING

BATCHING

DINZ VNG

STORAGE/
CLOUD

(N

SCALE, STREAM DETECT, ON SCREEN
CAPTURE DECODE DEWARP, GMT CLASSIFY & TRACKING DISPLAY OUTPUT
CROP SEGMENT

13 @ANVIDIA.



JETSON MIGRATING :MULTIMEDIA API

Directory Location Relative to Il_samples/samples

Description

00 video decode (video decode)

Decodes H. 264, H.265, VP8, VP%, MPEG4, and MPEGZ video from a local file and then shares the YUY buffer with ezl renderer,

01 video encode (video encode)

Encodes YUY bitstream from local file and then write elementary H.264/H.265 into file.

02 video dec cuda (CUDA processing with decode)

Decodes H.264/H.265 video from a local file and then shares the YUY buffer with CUDA to draw a black box in the left corner.

03 wvideo cuda enc (CUDA processing with encode)

Ise CLIDA to draw a black box in the YUY buffer and then feeds it to video encoder to generate an H.264/H.265 video file,

04 video dec_trt (TensorRT video decode)

|Jses simple TensorRT calls to save the bounding box info to a file.

05 jpeg_encode (JPEG encode)

Jses 1imipag-2k AFls to encode JPEG images from software-allocated buffers.

06 jpeg_decode (JPEG decode)

|lses 1iwipeg-gk APls to decode a JPEG image from software-allocated buffers.

07 video convert (NvBuffer conversion)

lJses warz APls to do video format comversion and video scaling.

08 video dec drmm (Direct Rendering Manager)

Uses the MVIDIA® Tegra® Direct Rendering Manager (DRM) to render video stream or UL,

09 camera jpep_capture (libargus & libjpeg-8b)

Simultansously uses Libargus APl to preview camera stream and hibjpeg-8b APls to encode JPEG imazes.

10 _camera_recording (libargus capture)

(Gets the real-time camera stream from the Libargus APl and feeds it into the video encoder to generate H.264/H.265 video files.

12 _camera_v4l? cuda (camera capture CUDA processing)

Captures images from a V4L2 camera and shares the stream with CUDA engines to draw a black box in the upper left comer,

13 multi_camera (multi image capture & composite)

Captures multiple cameras and composites them to one frame.

14 multivideo decode (multi video decode)

Decodes multiple H.264, H.Z65, VP8, VP, MPEG4, and MPEGZ videos from local files and writes YUY buffer into corresponding files.

15 multivideo encode (multi video encode)

Encodes multiple YUY bitstreams from local files and writes elementary H.264/H.265/VEB/ VP9 into corresponding files.

16 multivideo encode {mult video transcode)

Transcodes multiple bitstreams from local files and writes elementary H.264/H. 265/ VPE/VP? into corresponding files.

unittest_samples/camera_unit_sample (capture with libvd4l2 mwvargus)

IInit level sample; uses libvdlZ_nvargus to preview camera stream.

unittest_samples/decoder _unit_sample (video decode unit sample)

Unit level sample; decodes H.264 video from a local file and dumps the ravw YUY buffer.

unittest_samples/encoder unit sample (video encode unit samples)

Unit level sample; encodes YUV bitstream from a local file and writes elementary H. 264 bitstream into file,

unittest_samples/transform_wnit_sample (nvbuf _wutils pixel format
CONVersion)

Unit level sample; uses nvbuf_utils utility to convert one colorspace YUY bitstream to another.

backend (video analytics)

Performs intelligent video analytics on four concurrent video streams going through a decoding process using the on chip decoders, vii
GPU compute.

frontend (TensorRT multichannel video capture)

Performs independent processing on four different resolutions of video capture coming directly from camera.

vdl2cuda (CUDA format conversion)

ses V4LY imaze capturing with CUDA format conversion.

https://docs.nvidia.com/jetson/l4t-multimedia/group

4t mm_ test group.html

14 <A NVIDIA.


https://docs.nvidia.com/jetson/l4t-multimedia/group__l4t__mm__test__group.html

MIGRATING : BACKEND (VIDEO ANALYTICS)

H.264 decoder ViC CUDA
H.264 decoder viC CUDA
H.264 decoder \'j CUDA
H.264 decoder viC CUDA
1sorRT.
Convert from Nv12
to ABGR, scale
down to net
O . T
Convert to pitch
lincar format
H.264 decode x
Nv12 block linear Image Resolution

15 <A NVIDIA.



JETSON MIGRATING :VPI(VISION PROGRAMMING INTERFACE)

Uniform interface for seamless access Supports

multiple compute engines:

* Implements Computer Vision / Image
Processing algorithms on GPU, CPU, PVA & VIC

Highly optimized
* Increase performance replacing non-
performant OpenCV or VisionWorks

Vision Programming Interface (VPI) | NVIDIA Developer



https://developer.nvidia.com/embedded/vpi

MIGRATING : VPI 1.1
* Developer preview of Python binding _

All algorithms are exposed, except for KLT Template Tracker.

* New algorithms
Pyramidal LK Optical Flow (NVENC) / Laplacian / Image Histogram /
Histogram Equalization / Background Subtraction

Streams Events

Application

CV algorithms Contexts

 Added NVENC backend Buffer management

exposing some functionality provided by NVENC processor in Tegra cru B cuoa B Pva vic T nvEnG
devices backend || backend | | backend | | backend || backend

* New image formats
Y8 Y16 NV24

e Rescale (VIC), Remap (VIC), Convert Image Format (VIC, CUDA and
CPU) algorithms now supports NV24 image format
* Remap on VIC now accepts U8 and U16 formats.

CPU | | GPU PVA VIC NVENC



https://docs.nvidia.com/vpi/algo_rescale.html
https://docs.nvidia.com/vpi/algo_remap.html
https://docs.nvidia.com/vpi/algo_imageconv.html
https://docs.nvidia.com/vpi/algo_remap.html

VPl BENCHMARKS

Significant Speed Up Compared to OpenCV

Up to 30X faster than OpenCV on CPU Up to 15X faster than OpenCV on GPU

Speed-up VPI/CPU over OpenCV/CPU Speed-up VPI/CUDA over OpenCV/CUDA

10.000 4+
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£.000 -+ 44
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2 4+
1 =
1000 . 08 L
oaon | . - . N
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Convolution  Pyramid Rascale Warp Ramap Convolution Pyramid

0400 ==

B Gaussian Box Filter Bilateral  Comvolution Imverse FFT F'etswPM'we Image Remap
Fitter Filtar farp

Graph above compares VPI 1.0 performance with OpenCV 4.1.1on Jetson AGX Xavier



JETSON MIGRATING : OPENCV

import sys

import cv2

def read cam() :
cap = cv2.VideoCapture ("rtspsrc
location=rtsp://wowzaec2demo.streamlock.net/vod/mp4:BigBuckBunny 115k.mov ! rtph2é64depay !
h264parse ! nvv4l2decoder ! nvvidconv ! video/x-raw, format=(string)BGRx ! videoconvert ! video/x-
raw, format=BGR ! appsink ")
if cap.isOpened() :
cvZ.namedWindow ("demo", cvZ.WINDOW AUTOSIZE)
while True:
ret val, img = cap.read():
cv2.imshow ('demo', img)

cvZ.waitKey (10)

else:

print "rtsp open failed"
cv2.destroyAllWindows ()

if name == ' main ':

read cam() 19 <A NVIDIA.



ING ANALYSIS FOR DL MODEL




Jetson Migrating : TensorRT

SDK for High-Performance Deep Learning Inference

Optimize and Deploy neural networks in production

Maximize throughput for latency-critical apps with compiler & runtime
Deploy responsive and memory efficient apps

FP32, TF32, FP16 & INT8

Optimize every network including CNNs, RNNs and Transformers
Accelerate every framework - ONNX support, TensorFlow integration

Run multiple models on a node with containerized inference server

developer.nvidia.com/tensorrt

_ - .
|: TensorRT :_

— (8 — (B
Trained TensorRT TensorRT
DNN Optimizer Runtime

e
2
=,

Embedded Automotive

Drive Data Center
GPUs



PRE-TRAINED MODEL LIBRARY

PEOPLE DETECTION

VEHICLE DETECTION

NLP + ASR

POSE ESTIMATION

LICENSE PLATES (Z=E

@000

FACE DETECT

JETSON MIGRATING : TAO

@ YOUR DATA

NGC

T k‘,'f
@ OIS SIT XeR APPLICATION FRAMEWORKS
PRE-TRAINED —_— DEEPSTREAM RIVA
_ YOUR
MODELS PRODUCTION
MODEL

=] | =

EDGE TO CLOUD

CLOUD DGX

WORKSTATIONS

22 <A NVIDIA.



AFTER JETSON MIGRATING : TRTEXEC

It’s useful for benchmarking networks on random or user-provided input data.

It’s useful for generating serialized engines from models.

0/28/2021-23:44: Average on 1O runs PU Latency:
[10/28/2021-23:44:31] [I] Average on 10 runs GPU latency:
[10/28/2021-23:44:31] [I] Average on 10 runs GPU latency:
[10/28/2021-23:44:31] [I] Average on 10 runs GPU latency:
[10/28/2021-23:44:31] [I] Average on 10 runs GPU latency:
[10/28/2021-23:44:31] [I] Average on 10 runs GPU latency:
[10/28/2021-23:44:31] [I] Average on 10 runs GPU latency:
[10/28/2021-23:44:31] [I] Average on 10 runs GPU latency:
[10/28/2021-23:44:31] [I] Average on 10 runs GPU latency:
[10/28/2021-23:44:31] [I] Average on 10 runs GPU latency:
[10/28/2021-23:44:31] [I] Average on 10 runs GPU latency:
[10/28/2021-23:44:31] [I]
[10/28/2021-23:44:31] [I] === Performance summary ===
[10/28/2021-23:44:31] [I] Throughput: 2305.45 qps
[10/28/2021-23:44:31] [I] Latency: min = 0.350342 ms, max = 0.681244 ms, mean = 0.41922 ms, median = 0.420349 ms, percentile(99%) = 0.509949 ms
[10/28/2021-23:44:31] [I] End-to-End Host Latency: min = 0.361816 ms, max = 0.699432 ms, mean = 0.432425 ms, median = 0.433105 ms, percentile(99%) = 0.52362
ms
[10/28/2021-23:44:31] [I] Enqueue Time: min = 0.260254 ms, max = 0.591461 ms, mean = 0.318292 ms, median = 0.313721 ms, percentile(99%) = 0
[10/28/2021-23:44:31] [I] H2D Latency: min = 0.00585938 ms, max = 0.140259 ms, mean = 0.0110233 ms, median = 0.00610352 ms, percentile(99%)
[10/28/2021-23:44:31] [I] GPU Compute Time: min = 0.341064 ms, max = 0.663513 ms, mean = 0.404844 ms, median = 0.405518 ms, percentile(99%)
[10/28/2021-23:44:31]1 [I] D2H Latency: min = 0.00292969 ms, max = 0.0924072 ms, mean = 0.00335495 ms, median = 99%
[10/28/2021-23:44:31] [I] Total Host Walltime: 3.00071 s
[10/28/2021-23:44:31] Total GPU Compute Time: 2.80071 s

[10/28/2021-23:44:31] Explanations of the performance metrics are printed in the verbose logs.
N/28/2021- - A4 -

540 ms HoSt Latency:
.371533 ms Host latency:
.378052 ms - Host latency:
.374902 ms - Host latency:
.374805 ms - Host latency:
.374854 ms - Host latency:
.372754 ms Host latency:
.378882 ms - Host latency:
.379224 ms Host latency:
.376245 ms - Host latency:
.384497 ms - Host latency:

93589 ms (end to end 0.410693 ms, enqueue 0.29/998 ms

.380811 ms (end to end 0.394434 ms, enqueue 0.290308 ms)
.39165 ms (end to end 0.404321 ms, enqueue 0.293994 ms)

.384131 ms (end to end 0.399316 ms, enqueue 0.295801 ms)
.390356 ms (end to end 0.40332 ms, enqueue 0.294043 ms)

.390527 ms (end to end 0.403003 ms, enqueue 0.289136 ms)
.382178 ms (end to end 0.394971 ms, enqueue 0.289819 ms)
.388403 ms (end to end 0.402539 ms, enqueue 0.292432 ms)
.388623 ms (end to end 0.401123 enqueue 0.295972 ms)
.386133 ms (end to end 0.399048 ms, enqueue 0.295312 ms)
.394141 ms (end to end 0.406372 enqueue 0.298315 ms)

lcNcNoNoNoNoNoloNoNoNo
lcNoNoNoNoNoNoNoNoNoNo

[cNcoNoNoNoNoNoNol

0.0441895 ms
0.490509 ms
0.0032959 ms, percentile(99%) = 0.00369263 ms

.41626 ms



https://docs.nvidia.com/deeplearning/tensorrt/developer-guide/index.html#trtexec




MEMORY MANAGEMENT FOR TEGRA

CPU (Host) and the iGPU share SoC DRAM memory.

Page mem, Pin mem, unify mem

Pin M

CPU cache

UM/Page ,
M/Pin M UM/device
M

Soc DRAM




CUDA FOR TEGRA

Memory: device mem/pinned mem/unified mem

I/0 coherency is supported on Tegra devices starting with Xavier SOC

Table 1. Characteristics of Different Memory Types in a Tegra System

Memory Type CPU iGPU Tegra®-connected dGPU
Device memory Not directly accessible Cached Cached

Pageable host memory Cached Not directly accessible Not directly accessible
Pinned host memory ;ancached where compute capability is less than | Uncached Uncached

Cached where compute capability is greater
than or equal to 7.2.

Unified memory Cached Cached Not supported

https://docs.nvidia.com/cuda/cuda-for-tegra-appnote/index.html



PORTING CONSIDERATIONS

Memory Selection

Device Memory / Pageable Host Memory / Pinned Memory( small buffers) / Unified Memory

For large buffers with no or minimal data Frequent migration of data between CPU

Conventional Memory exchange between CPU and GPUs. and GPU

For frequent data access from both CPU and GPU
specifically for small buffers with less repetitive
Pinned Memory data access. Can also be used for large buffers Repeated data access
when GPU only needs to access data once in a
coalescing manner.
For frequent data access from both CPU and GPU
Unified Memory with highly repetitive access (to offset the cost of

cache coherency maintenance)
.|

For applications with high predictability
needs and low latency.




SIMPLEZEROCOPY

CUDA/samples/0_Simple/simpleZeroCopy(small data)

1. pinned-memory ->zerocopy, no DtoH/HtoD

2. add paged-memory in demo for compared with Pin memory, add H2D/D2H , --use_generic_memory

==16976== Profiling application: ./simpleZeroCopy --use_generic_memory
==16976== Profiling result:
Type Time(%) Time Calls Avg Min Max Name
GPU activities: 62.25% 12.022ms 10 1.2022ms 1.1973ms 1.2057ms vectorAddGPU{float*, float*, float*, int)

IERGLEN 3. 7753ms 3.7753ms 3.7753ms 3.7753ms [CUDA memcpy DtoH] d_
3.5158ms 1.7579ms 1.3471ms 2.1687ms [CUDA memcpy HtoD] Page memory
API calls: 90.66% 238.30ms 3 79.432ms 370.47us 236.79ms cudaMalloc
1 Ims 16 1.295Ims 1.2568ms 1.4799ms cudaDeviceSynchronize

9.5787ms 3 3.1929ms 1.6317ms 6.0785ms cudaMemcpy 1: CUDA mem DtOH 3mS
2: CUDA mem HtoD 3ms

3. vectorAddGPU 1.2ms(paged)
o427 Profiling resules TP ereraceRy ->1.09ms(pinned)

Type Time(%) Time Calls Avg Min Max Name

GPU activities: 100.00% p{RERleS 10 1.0910ms 1.0886ms 1.0995ms vectorAddGPU(float*, float*, float*, int)
API calls: 94.11% 254.36 3 84.788ms 554.24us 252.38ms cudaHostAlloc
4.68% 12 26 1.1453ms 2.1060ms cudaDeviceSynchronize P. d
0. 3 6 527.08us 747.21lus cudaFreeHost ]nne -memor
16 98.2 32.576us 156.64us cudalaunchKernel y
188.55us 97 1.9430us 992ns 35.585us cuDeviceGetAttribute




PERF PROFILING



NSIGHT TOOLS

Start here

Recheck overall
workload behavior

Recheck overall
workload behavior

Dive into top
CUDA kernels

Dive into graphics
frames

v

Finished if
performance
satisfactory




JETSON MIGRATING : NSIGHT SYSTEM

STEP 01 diidin Y Jetson "E

ENVIRONMENT query.docx  loc

<A NVIDIA.

™
. Target Hardware \
~ Host Machine ° 7 Jetson TX2 modules
) = No board connected [refrest W

Linux

JetPack 4.5.1 [rev.1) . newltxt WPU_Co

Team Playb..

=5 a A\
DeepStream a

1MaxtREE TRT-12092 XMind

Version 5.1 FEAFM.... CNNs swee

[ ]
- File View Tools Help
STEP U1 ) [P
0 0 T K 4.6 [REV Project 1 =
B Project? = 12@192.168.0.140 = || #| B Connecting to the target.. More info.
Preparing the selected target, please wait
STEP (2 Cy— x
A | You are connecting to the target for the first time.
) Address: t2@192.168.0.140
eading and
SSH fingerprint of the target is:
09:edicdbB:52:4c:7a50:93:8dF7:71:3b:1d:d2:04:65:ef:94:4a
* NVIDIA Nsight Graphics 21.2 70.9 587.1 MB
STEP 03 Enter SS5H password
» NVIDIA Nsight Systems

2 0 M h |
SETUP |
PROCESS

Remember password

oK Cancel



https://developer.nvidia.com/nsight-systems

JETSON MIGRATING : NSIGHT SYSTEM SAMPLE

21s ~ |0Oms

+185ms +190ms

+175ms +180ms

[11748] hpcserver_test.

OS runtime libraries

CUDA API

[11604] hpcserver _test.

[11754] hpcserver_test.

OS runtime libraries

CUDA API

[11597] hpcserver_test.

OS runtime libraries
CUDA API

157 threads hidden...

pthread_rwlock_wrlock

pz] [pth re.‘.I pthread_rwlock_wrlock ] [ pthread_rwlock_wrlock

)

[S

[ pthread_mutex_lock ] [ pthread_mutex_lock ][pthread_...] [pthr...] [pthread...] [pthre...][pthr...][pthre




NVPROF

profiling data from the command-line

$ nvprof matrixMul

[Matrix Multiply Using CUDA] - Starting...

==27694== NVPROF is profiling process 27694, command: matrixMul
GPU Device ©@: "GeForce GT 640M LE" with compute capability 3.0

MatrixA(320,320), MatrixB(640,320)

Computing result using CUDA Kernel...

done

Performance= 35.35 GFlop/s, Time= 3.708 msec, Size= 131072000 Ops, WorkgroupSize= 1024 threads/block
Checking computed result for correctness: OK

Note: For peak performance, please refer to the matrixMulCUBLAS example.
==27694== Profiling application: matrixMul
==27694== Profiling result:

Time(%) Time Calls Avg Min Max Name
99.94% 1.11524s 301 3.7051ms 3.6928ms 3.7174ms void matrixMulCUDA<int=32>(float*, float*, float*, int, int)
0.04% 406.30us 2 203.15us 136.13us 270.18us [CUDA memcpy HtoD]
0.02% 248.29us 1 248.29us 248.29us 248.29us [CUDA memcpy DtoH]
==27964== API calls:
Time(%) Time Calls Avg Min Max Name
49.81% 285.17ms 3 95.055ms 153.32us 284.86ms cudaMalloc
25.95% 148.57ms 1 148.57ms 148.57ms 148.57ms cudaEventSynchronize
22.23% 127.28ms 1 127.28ms 127.28ms 127.28ms cudaDeviceReset
1.33% 7.6314ms 301 25.353us 23.551us 143.98us cudalaunch
0.25% 1.4343ms 3 478.09us 155.84us 984.38us cudaMemcpy
o 11Y £01 ACuie 1 £n1 ACuie £01 ACue £EQ1 ACuie ruAdaNAva ~ACuncrhnAand A

/usr/local/cuda/bin/nvprof --metrics achieved_occupancy --metrics gld_throughput
../../bin/aarché4/linux/release/simpleZeroCopy



NPP:NVIDIA 2D IMAGE AND SIGNAL PERFORMANCE PRIMITIVES

v [ 7_CUDALibraries

What is NPP? : : zﬁct;I;fubBLAs
NVIDIA NPP is a library of functions for performing CUDA s Ba boundSeamentph

accelerated 2D image and signal processing > I boxilterNPP
> @ cannyEdgeDetectorNPP

> B common

NPP can be used in one of two ways:

> @ conjugateGradient

A stand-alone library for adding GPU acceleration to an application > B conjugateGradientPrecond
with minimal effort. Using this route allows developers to add GPU > B conjugateGradientUM
acceleration to their applications in a matter of hours. ’ : z;LS'
A cooperative library for interoperating with a developer's GPU code s B cuSolverSi LinearSolver
effICIently > [ cuSolverSp_LowlevelCholesky
> Il cuSolverSp_LowlevelQR

OboundSe men‘ts > BB FilterBorderControlNPP

g > I freelmagelnteropNPP
-cannyEdgeDetector > [ histEqualizationNPP
*FilterBorderControl > I jpegNPP

> B MC_EstimatePilnlineP

> B MC_EstimatePilnlineQ



RESOURCES

https://developer.nvidia.com/blog/migrating-nvidia-nsight-tools-nvvp-nvprof/
https://docs.nvidia.com/cuda/profiler-users-quide/index.html#nvprof-overview

CUDA C IEES4RfEIgmE: http://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html

CUDA C 1IES&{ESC48r: http://docs.nvidia.com/cuda/cuda-c-best-practices-quide/index.htm|

1EF Tegra B CUDA: https://docs.nvidia.com/cuda/cuda-for-tegra-appnote/index.html

https://docs.nvidia.com/cuda/npp/index.html
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https://docs.nvidia.com/cuda/profiler-users-guide/index.html#nvprof-overview
http://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html
http://docs.nvidia.com/cuda/cuda-c-best-practices-guide/index.html
https://docs.nvidia.com/cuda/cuda-for-tegra-appnote/index.html
https://docs.nvidia.com/cuda/npp/index.html
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