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Optimized Al Solution

Many industries are pursuing artificial intelligence
(Al) with the hope of transforming their business
through higher levels of automation and machine
learning. There are countless examples, including
manufacturers experimenting with Al-enabled
machine vision for defect classification and using
Al-enabled optical character recognition to extract
data from legacy machines. However, Al is still in its
infancy, and the complexity and diversity of hardware
and software solutions can be overwhelming.

In order to reach an optimized solution, system
architects need to first decide whether to run the
bulk of their Al algorithms near the sensors (i.e.,
at the edge) or in the cloud. This decision will then
impact what they choose for hardware solutions
with respect to performance, size, weight, and
power (SWaP) requirements. To maximize Al
performance at the edge, an optimized solution will
often employ a heterogeneous computing platform,
meaning it has two or more different types of
computing cores, such as:

o General-purpose CPU

o Field programmable gate array (FPGA)

o Graphics processing unit (GPU)

o Application-specific integrated circuit (ASIC)

This brief discusses the tradeoffs for these core
types when implementing Al “at the edge.” In
addition, it covers the techniques ADLINK uses to
help its customers optimize their Al solutions.

Why Al at the Edge

The Internet of Things (loT) is progressing from
simple devices feeding data to the cloud for
analysis to smart devices performing sophisticated
inferencing and pattern-matching themselves.
Processing Al algorithms locally on a smart device in
the field provides many benefits, including:

o Faster response: Minimize delay by eliminating the
need to send data to the cloud for Al processing.

o Enhanced security: Decrease the risk of data
tampering by sending less data across networks.

o Improved mobility: Reduce reliance on inconsistent
wireless networks (i.e., dead zones, service outages)
by performing Al functions locally on the mobile
system.

e Lower communications cost: Spend less on
network services by transmitting less data.

Al Design Challenges

The field of Al is incredibly diverse. System architects are applying Al
workloads to a wide range of inputs, like video, text, voice, images, and
sensor data, with the goal of improving a system'’s decision making. They
must choose from a range of decision making processes that implement
various deep learning frameworks (e.g., TensorFlow, Torch, and Caffe) and
neural networks (e.g., recurrent and convolutional) with different numbers of
layers. Particular combinations of neural networks and frameworks, running
on specialized computing cores, are ideal for specific tasks, like image
processing, character recognition, and object classification.

Many Al workloads require large amounts of memory, parallel computing, and
low-precision computation.” The challenge for system architects is to define
an optimized Al platform that cost-effectively delivers these computing
resources in ways that satisfy their speed and accuracy requirements. For
platforms deployed at the edge, system architects must address additional
requirements, such as environmental hardening and stringent SWaP
constraints.

Al Design Solutions

When designing an Al platform, system architects should consider using
a heterogeneous computing architecture, containing multiple core types,
including CPU, GPU, FPGA, and ASIC. The goal is to run Al workloads on the
best-suited core, resulting in faster computation and less power consumed for
a particular function, compared to a homogeneous platform.

Although developing a heterogeneous platform will be more complex than
a homogeneous platform, ADLINK simplifies the design process by offering
heterogeneous platforms that provide a mix of core types, as shown in Figure
1. System architects can configure ADLINK platforms according to their Al
computing needs, reduce their development effort, and benefit from a scalable
solution.
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Figure 1. ADLINK heterogeneous architecture options for artificial intelligence applications



Core Type Comparison

The following provides a brief overview of some of the strengths
and constraints for different core types used to process Al
workloads. Additional information is presented in Table 1.

General-purpose CPU

Generally, every Al platform will have a CPU for running platform
management, feature-rich applications, and, possibly, a user
interface. In addition, CPUs work well with mixed data input (e.g.,
audio, text, image, etc.), and extract, transform, and load (ETL)
processes.

Graphics processing unit (GPU)

A GPU is a highly-task-parallel, specialized core used for graphics
processing, and its architecture is well-suited for Al workloads.
With hundreds or thousands of small cores used to execute
sophisticated mathematical and statistical computations, GPUs
can perform both training deep neural networks (DNNs) and
inferencing; however, GPUs can have a large footprint and high
power consumption.

Custom
ASIC

Ll Description

Consumption

Field programmable gate array (FPGA)

FPGAs have configurable logic gates that can be programmed for a

custom application and later reprogrammed in the field, if necessary,

offering a high level of flexibility.

Application-specific integrated circuit (ASIC)

ASICs are custom logic chips designed using a manufacturer’s

circuit libraries. These cores can quickly perform complex, repetitive

computation, but they are expensive (high non-recurring engineering

costs) and time consuming (one to two years) to design.

o Vision processing unit (VPU)
VPUs are low-power, small-footprint, customized ASICs used

for computer vision and image processing. They are suitable for

trained models and less so for training workloads, like machine

learning.

« Tensor processing unit (TPU)
Google developed the first TPU for the computational workloads
(e.g., inferencing) of neural networks in edge cores. This custom

ASIC is optimized for Google's machine learning framework, called

TensorFlow.

Strengths

Constraints

Flexible, general purpose

cPU High : :
processing units
. Parallel cores for high
=Y Sl quality graphics rendering
FPGA Medium Configurable logic gates
ASIC Low Cgstqm loglc designed
with libraries
VPU Ultra-low Image and vision
Processor/co-processor
TPU Low to medium Custom ASIC developed
by Google

Table 1. Comparison of core types used in artificial intelligence applications

Complex instructions and tasks
System management

High performance Al processing
Highly parallel core with 100’s or
1,000's of cores

Flexible
In-field reprogrammability

Fast and low power consumption
Small footprint

Low power and small footprint
Dedicated to image and vision
acceleration

Specialized tool support
Optimized for TensorFlow

Possible memory access
bottlenecks
Few cores (4-16)

High power consumption
Large footprint

High power consumption
Programming complexity

Fixed function
Expensive custom design

Limited dataset and batch size
Limited network support

Proprietary design
Very limited framework support




Al Application Examples

ADLINK is committed to helping system architects
bring Al running on a heterogeneous computing
platform to the edge, as shown in Figure 2. Here are
some computer vision examples:

Automated Optical Inspection

Automated optical inspection (AOI) is being used
to spot product defects during the manufacturing
process, helping factory personnel quickly fix
product yield and quality issues. AOI machines based
on ADLINK high-performance, edge computing
platforms deliver near-real-time defect detection
and identification, and run Al workloads to develop
domain knowledge used to better classify defects.
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Optical Character Recognition

Another computer vision application is optical character recognition (OCR),
used to read data from the graphics displays of unconnected legacy machines.
Embedded GPUs running Al algorithms on ADLINK heterogeneous computing
hardware greatly increase the speed and accuracy of OCR workloads.

Autonomous Mobile Robots

A new generation of autonomous mobile robots (AMR) is using VPU-accelerated
Al computation for vision-based guidance and collision avoidance. These
capabilities allow them to adjust to changes in a facility's floorplan or processes
through a straightforward software update that allows them to navigate
properly and carry out new tasks. Future mobile robots will be controlled by fleet
software that assigns tasks to robots based on their availability and location,
thus increasing their efficiency, productivity, and ability to work collaboratively
with other robots and humans.
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Figure 2. ADLINK is committed to helping system architects bring Al running on a heterogeneous computing platform to the edge.



Al-Powered Edge Devices

ADLINK Technology is enabling the loT with innovative
embedded computing solutions for edge computing. Now,
ADLINK is taking embedded computing to the next level with
heterogeneous computing platforms optimized for Al. ADLINK
heterogeneous computing platforms consist of GPU- and
VPU-accelerated board-, system-, and server-level products,
enabling system architects to construct and optimize system
architecture for both Al inferencing and training applications, as
shown in Figure 3. In addition to power efficiency and longevity
support, ADLINK's hardware offers the high performance
required to quickly process data for deep learning inferencing,
pattern-matching, and autonomous machine learning. With
intelligence moving to the edge, ADLINK heterogeneous
computing platforms perform real-time streaming of data
between edge devices and systems, ultimately leading to
better decision making.

ADLINK System Optimization Services

In addition to its large variety of heterogeneous computing products,
ADLINK offers ‘consultancy services' via ‘deep learning profiling’ to
help users determine the right platform to cost-effectively satisfy their
applications needs. ADLINK is able to make hardware recommendations
on how to optimize performance/watt and performance/cost for Al
applications in smart manufacturing, smart city, and defense.

ADLINK is also working with research bodies and academic institutions
to find bottlenecks on Al platforms using an analyzer to profile system
performance. For example, it is possible to determine if the system
is making too many memory copies or if increasing resources (e.g.,
memory size) will boost performance.

Take advantage of ADLINK's embedded computing solutions and deep
learning profiling to optimize the performance of Al-enabled edge
devices.
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Figure 3. ADLINK heterogeneous computing platforms consist of GPU- and VPU-accelerated board-, system-, and server-level products.

1. Sundeep Bajikar, “Why Al Workloads Require New Computing Architectures — Part 1,” June 20, 2018, http://blog.a
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