What's So Special about the Digital Signal Processor?

DECS5, 2013

Snapdragon and Qualcomm branded products are products of Qualcomm Technologies, Inc. and/or its subsidiaries.

Short answer: It's an essential processing engine for
mobile heterogeneous computing.

As discussed in my previous blog, the fundamental
premise of heterogeneous computing is that running
the appropriate task on the most suitable processing
engine delivers performance and power benefits. I've
described how having the right specialized processing
engines, namely the CPU, GPU, and DSP, in the
system-on-a-chip is key since it delivers the best user
experience. So why is the DSP in particular so
important? In a recent webinar, Qualcomm
Technologies took a deep dive into DSPs and looked at
the role they play in mobile heterogeneous computing.
Here are my key takeaways.

The DSP plays a key role in mobile heterogeneous
computing. New applications offer breakthrough
experiences and increase our engagement with our
mobile devices. Many of these experiences—such as
sound and image enhancements as well as advanced
camera and sensor capabilities—include signal-
processing tasks that the DSP excels in executing at
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A DSP architecture has unique benefits and is
different from CPU and GPU architectures. As
highlighted in the webinar, DSPs have a
fundamentally different architecture than a CPU or
GPU. As a result of the architectural decisions, DSPs
have two key attributes:

e DSPs maximize work per clock cycle. DSPs are
designed to execute complex math in parallel,
which is common in many signal processing
applications. For example, the Hexagon DSP is
able to execute the main Fast Fourier Transform
(FFT) loop, which is 29 “simple reduced instruction
set computing (RISC) operations,” in one clock
cycle. By having hardware and an instruction set
architecture (ISA) optimally designed for the FFT,
the FFT is executed with higher performance in
shorter time—and at lower energy.

¢ DSPs deliver high performance at lower clock
frequencies, which saves power. Power is directly
proportional to the clock frequency and voltage
squared. To run the clock at a higher frequency
requires a higher voltage, which leads to an
exponential increase in power draw. For example,
the Hexagon DSP is able to run at low clock
frequencies while delivering high performance
through hardware multi-threading, and by
maximizing work per clock cycle.

Because of its unique architecture, the DSP has
different strengths, which allow it to excel at different
tasks. With the introduction of cameras and high-
resolution displays, many new “vision” tasks have
emerged. Many of these vision tasks run at higher
performance and lower power on a DSP compared to
running on a single-core or quad-core CPU, as seen in
the following charts.
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DSP advantages in vision

Features that fit well on the DSP, provide excellent performance & power
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Not all DSPs are created equal. The Hexagon DSP
from Qualcomm Technologies has an efficient mobile
architecture that delivers the most performance per
MHz. Looking at the benchmarking results from BDTI,
the Hexagon DSP beats its most relevant mobile
competitor.
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Maobile Compatitor Qualcomm Hexagon V5 ‘Qualcomm Hexagon VW5
{1 thread) (3 threads)
Clock Rate (MHz) 430-520 T00-257 300-800
DSP Performance (BDTImark2000) 4730-5720 1810-4840 5430-14520°
Source: BOTI - For more detailed information see www.BDT.com. All scores ®2013 BOTI
*® - Projected best case score for 3-threads
The DSP architecture efficiently delivers the most
performance per MHz because Qualcomm
Technologies controls the Hexagon DSP ISA and
custom designs the DSP specifically for mobile. This
allows Qualcomm Technologies to:
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e Carefully balance the DSP with the rest of the
custom designed processing engines in the overall
Snapdragon processor, leading to smart
integration.

The Hexagon DSP enables rich user experiences. The
Hexagon DSP started as a processing engine primarily
used for voice and simple audio playback. The
Hexagon DSP has expanded its role and is now used
for a variety of use cases, such as image
enhancement, computer vision, augmented reality,
video processing, and sensor processing.

HexagonV2/V3

Voice Audio

Now you know why DSPs are so important. The
Hexagon DSP goes a step further with a unique
architecture that allows it to offer the required
performance for emerging mobile experiences at low
power. Be sure to check out the webinar for many
more details.

Woant to learn more? Look for future blogs and
webinars to learn about Qualcomm'’s view on mobile
heterogeneous computing.

Heterogeneous Computing Snapdragon Features

Image Enhancement
Camera, Still, Video

Computer Vision &
Augmented Reality

Sensors

Engage with us on
Twitter and LinkedIn
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About this author ©

Opinions expressed in the content posted here are the personal opinions of the original authors, and do not necessarily reflect those of Qualcomm Incorporated or its
subsidiaries ("“Qualcomm”). Snapdragon and Qualcomm branded products are products of Qualcomm Technologies, Inc. and/or its subsidiaries. The content is
provided for informational purposes only and is not meant to be an endorsement or representation by Qualcomm or any other party. This site may also provide links
or references to non-Qualcomm sites and resources. Qualcomm makes no representations, warranties, or other commitments whatsoever about any non-Qualcomm

sites or third-party resources that may be referenced, accessible from, or linked to this site.

Related News

Bridging the Your Guide to Can brainless
Digital Divide: Defining an robots
160,000... Information... improve...

MAR 30, 2023 MAR 29, 2023 MAR 24, 2023

0O

Qualcommw

@ Language

How Wi-Fi7
adaptive
puncturingi...

MAR 23, 2023

About Qualcomm  Careers  Offices  ContactUs  Support  Email Subscriptions

Tavimnn ~afl lan Puliimnn, Nanlina Dalia, Nanliin Catbimman

= Qualcomnw

# / News&Media / OnQ Blog

O

Note: Certain product kits, tools and materials may require you to accept additional terms and conditions betore accessing or using those items.

Meta Platforms, Inc.
Exhibit 1069
Page 005



References to "Qualcomm” may mean Qualcomm Incorporated, or subsidiaries or business units within the Qualcomm corporate structure, as applicable.

Qualcomm Incorporated includes our licensing business, QTL, and the vast majority of our patent portfolio. Qualcomm Technologies, Inc., a subsidiary of Qualcomm
Incorporated, operates, along with its subsidiaries, substantially all of our engineering, research and development functions, and substantially all of our products and
services businesses, including our QCT semiconductor business.

Materials that are as of a specific date, including but not limited to press releases, presentations, blog posts and webcasts, may have been superseded by
subsequent events or disclosures.

Nothing in these materials is an offer to sell any of the components or devices referenced herein.
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