Semiconductor Markets: Key Applications and Players
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DATA CENTER
(FY2024 Net Revenue: $12.6B)

This segment designs and sells the specialized processors that
perform the intensive computational tasks required by data
centers, primarily Al accelerators, server CPUs, GPUs, APUs,
DPUs, FPGAs, SmartNICs, and Adaptive SoC products for data
centers
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CLIENT
(FY2024 Net Revenue: $7.1B)

This segment primarily includes (1) central processing units
(CPUs) from AMD’s Zen line, (2) accelerated processing units
(APUs) that integrate CPUs and GPUs, and (3) chipsets for
desktop and notebook personal computers.
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GAMING
(FY2024 Net Revenue: $2.6B)

This segment Primarily includes graphics solutions to enable
immersive visualization and to process Al/ML based workloads for
use in data centers, desktop PCs, notebook PCs, handheld
devices, All-in-Ones, and professional workstations along with
semi-custom solutions.

Professional GPUs
(for integration in mobile and desktop
workstations)

Semi-Custom SoC Products Discrete Desktop and Notebook GPUs
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EMBEDDED
(FY2024 Net Revenue: $3.6B)

This segment provides specialized computing solutions such as
embedded CPUs, GPUs, APUs, FPGAs, and Adaptive SoC products
for devices that aren't traditional computers in applications such
as industrial and automation, medical, automotive, and
networking and communications.
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Phone: (408) 749-4000 ; Website: www.amd.com
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T Operations grpaceand I fl =
Microelectronics iai
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o Sbconiradiors nojeskdops,. P - computers. along with semi-custom solutions. communications. o o r (transactonal egal (as of 12/28/2024)
Pacticregonun [ I mornerboardsan Product Brands Products Products Product Brands Ihu e v e o
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's final <€ = _——— : : g !
semiconductor Server CPUs Desktop CPUs and APUs Semi-Custom Products Embedded CPUs, APUs and GPUs Sales of Embedded CPUs, Vision and % Dased Advanced Micro Devices Inc. (AMD) is a
ducts; AMD - — - i iah-i ~specifi i i US.  multinational ~ designer of ~ computer
o ;mchasgs SeryerCPéJs are the wprkhurlseshofg?e ‘Efta cer&ter,f High Performance: Optimized for speed and raw computing power and Tailored, high-performance, customet; specific solutions . Embedded Processors and GPUs SG'E%S' EPGA aBd Atliapnve Healthcare semiconductors and related technolo ieg for
from the IV: $1.78) engineered to run continuously, handle thousands of ah 4 4 heat): based on AMD CPU, GPU and multi-media technologies These devices are designed fo support high performance oC Products, Development ! log
: tasks simultaneously, and manage vast amounts of ( igher power consumption (and generate” more  heat); Semi-Castom SoC Producs o e bandwidth gt . DDt, s Qd p Fiols Boards, Kits, and consumer and enterprise markets. While'AMD at
, esigned to be used'in a larger case with robust cooling systems. emi-Lustom ol Froducts | . compute, high-bandwidth network connectivity and security, high- Configuration Products, and Skadden first fabricated its own processors, AMD spun-
data for many concurrént users. 3 i l g - AMDA g 3 X Proce
- % - - Physical Size: Larger than" their mobile counterparts, built to fit into a AMD works directly with clients to design a tailor- performance storage requirements for enterprise and _cloud Ledacy Product Families I ] off control of its foundries in 2009 under the
U.S. Department of the Higher Core CO“"tS:ThftY }I‘a‘/e falrl ”IWG ﬁrocdessmg AMDZ1 Tyﬂﬂs andardized socket on a motherboard. ) ) . made, all-in-one chip for their unique product. AMD infrastructure, 3D “graphics performance, and 4K multimedia = PYC gacy “Global Foundries” name and now outsources
-~ Freasur L COTES 10 Tancle multiple paralie’ workloads. — User Upgrades: Generally easy for a user to install, allowing PC builders to groducts‘power the Sony PlayStation 5, Microsoft requirements of ‘automotive infotainment ~ systems. They —_— its semiconductor fabrication work to Global
W y . arger Memory Capacity: They support more system = @Y C mm%%—ms stems for specific tasks like gaming or video editing. box Series S and X ganie consoles, and the Valve encompass core processors for embedded systems, but they are ~ AMDZ1 Foundries. AMD devel i
(FinCen. “Know Your Customer use special Error-Correctin ! P g 9 ; — Google Cloud oundries, evelops microprocessors,
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money laundering regulation; OFAC Enhancemerﬁ%ﬁi[ . IS ﬁ)rdﬁ#ope%tnon' and have specialized RY ’EN A "‘ They are designed for rehablll(t}v, low power consumption, and  Aupa storage, and data motherboard chipsets, and field-programmable
restricted party transactions —mﬁ i i 2 STEAM DECK long-term availability (often 10+ years), which is critical for = analytics services I |
regulation; and reasury. economic — - es to ensure stability and uptime. . XBOX <lz> industrial and medical equipment RYZ=EN Communication Yiadtorm) gate arrays for personal computers,
OFAC Sl WEr A ||| m—— it vt (1 — rnare Sens ppidions Senes g0
ST : technology, e : = - ters. AMD's technologies advance the fut
e o Broducts FPGAS and Adaptive SoCs (system-on-chi (s e o Gonilee sibicy B — Customizable devices tht can b ajored tooheeethe apeciic needs of each cust W of ata centers, powerig dhe doud services
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D&LL rammes after ein e NI=X ntegrated Design: They are often soldered diréctly onto the motherboard, custom, collaborative creation be reprogrammed after they've been AMDIQ AMDQ Audio, Video and
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Service (IRS) EPGAf b le ch tead of ATHL®N p p gaming p: ptop: ] f AMDZ1 —
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Antitrust and Fair Trade {advanced HBM3E Networking Products - - d ) P oS support high-refresh rate displays building products. These tools enable them to work with AMD's embedded hardware. (Traihng 12 Months): oot
memory for AMD's Includes DPUs and SmartNICs, specialized processors that offload Security Features: Often include specialized hardware Sy >=N and includé the latest technologies Development Boards and Kits for all AMD FPGA %1 67 pera
Alaccelerators, networking, security, and storage tasks from the main CPUs. and—so wtare déoq entha?ced security, ~ remote AMDI\ fordimmﬁ‘rséve gr?ming expen’eArIw/Cﬁf ) and Adaptive SoCs e | Expenses: $70.8B
i and high- - : : management, and data protection. Pa an igh-performance. e e a 2 =
U, Department of Justice performance FPGA Pensando DPUs: Along with comprehensive ~ AMD 1 Reliabgllit and Stability: Tested to ensure they can run = com| uting, P quleselaredpr‘e bL”|‘|t dcwr%:lt boITrdsdwnhI anfAtiD Measurement Forward Annual Operating Income:
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ommission 's data center i i = ! I THREADRIPPER : 0 : .
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ding data privacy; and DO/ AMhcron Va - - P "discrete” GPUs, but they are built for professionals in o Intchhéteseng“enese?'swadsee & Data Center $27C§%g’"§72“8‘?%25
orelgn Corrupt Practices Law (memory and > AMD Solarflare Portfolio: A low latency networking A Mp 21 digital content creation,” engineering, and architecture rogram  and "confiqure . AMD . (includes 0B ( ) Total Assets:
storage @ SoTation._combming nardware adapters with the A e Chipsets (for Desktop PCs| X s, EP o Moo SgC Vivado networking, security 5008
components such Onload family of user space networking libraries. SOLARFLARE ; ; ; b i ok and Adaptive 50Cs. and storage) .
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accelerators) raphics, data center PUsyare sgec' lized storage drives (SSDs anc} HDDs), and external devices AMDE hardware andp software  for FRSAceRchd Kdrivers YanddocumenatiopionthenAlhisleureshatieustomershuthlong product o $1er7nl]3 ¢
g ) i = - OCKET X399 £ RO WX3200 lifecycles can continue to get support for their hardware for years after it was released. .
L— 2 accelerators that handle the heavy lifting o through USB ports, Wi-Fi, and other connections. SULKE] demanding use cases such as 3D - — - - : - Wholesale Sales of Sales of -
. —7'6—% artificial intelligence, machine learning,” bi Feature Control: Determines which features the AV renderin design and Prior generation high-end|| Prior generation low-end | |Prior generations of Complex Embedded CPUs Headquarters:
Third Part igence, | g, big pcd e c?, . g X ; th i . Embedded CPUs, GPUs ) Santa Clara, CA : $57.6B
Wattor Founér — data analytics, and high-performance ports. For example, it dictates how TRX4U manufacfuring for Computer-Aided Virtex FPGA families and || Spartan FPGA families and | [ Programmable Logic Devices FPGA and Adaptive SoC GPUs, FPGA and 1
er Foun y ‘Add-in-Board ' computing. = AMD Instinct  accelerators many USB_pqrts are available. ) " Design,  and media  and he original Virtex families|the original Spartan families. | | include the CoolRunner and Products, Development Adaptive SoC Cash Flow
U.S. Department of Homeland i Manufacturers Sup?hes of (1) Assembly, perform these tasks at a fraction of the tive ~ AMDZU Compatibility: Must be compatible with a specific AMDZU entertainment for broadcast and AMDD\ AMDZ XC9500 product families, Boards, Kits, and Products S
Security / Customs and (AlBs) est, Marking and and power cost of CPUs, making them the INSTINCT eneranon of CPUs; AMD Ryzen CPU on an Intel o Anun! animation  pipelines on  high VIRTEX SPARTAN {é}%ﬂﬂw Configuration Products, and Distributors and Olgenrlaltc\'gﬂts From Onerations:
(Bor‘dter ?"‘e“é“”i(;c'-’%)d e Pa%{:&lggyim/\gﬁéﬂ, key to modern Al and scientific research. motherboard. resolution displays. Legacy Product Families OEM Partners Auspt‘m Texas; $§,OB '
requlation of Imports of finishex . ' et L
googs, raw materials and surphes; Technologies, (3) Foundr Data Center Competition Embedded Compet San Jose, Cahfqrm.a' Used in Investing:
customs duties administration) Services for Wafers/Chipsets CPUNGPUBRADR] V7 ANALOG MShT(?]ghal'OChma' $1.1B
rs/t . ? .
M s ropey Mg seapeditcos <SS MVIDIA T {7 ©@BROADCOM QAR & tins i e
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> Dublin, Ireland; Financial Retums
Sales of Alveo Products Sales of CPUs, APUs, and Sales of Graphics Singapore;
produces AMD’s (Alveo is a family of high-performance AMD accelerator cards designed to Chipsets for Desktop and ~ Solutions Bengaluru, India;
integrated circuits accelerate workloads in data centers, cloud computing environmerits or at ﬁotebuuk Personal (semi-custom SOC products, Hyderabad, India
he form of the edge; they are specialized hardware that can be plugged into a server C t discrete desktop and notebook LT
programmable to significantly speed up specific, computationally intensive tasks omputers GPUs, and professional GPUs —
logic devices, T evelopments
U.S. Dept of Commerce y N ) Value Added o J‘. . Personal DAL Technolo jies || Independent 0DM Toop Personal D%A.LTechnologies || Independent Add-n (foop Independent - Contract =% =%~ 2l s
Bureau of Industry and Resellers (VARs) - Computer OEMs ! — Distributors Motherboard |- Computer OEMs Distributors Board |pn Bl || Game Console [l 0o XBOX [|Manufacturers é{g On March 31, 2025, AMD|
Security / Expoyrt L and Integrated | = M o facture i&g Manu- ﬁﬁu and Portable <i= e (for AVD branded T Systems  Group Int'l,”Inc. for
Administration 7 Sulutlﬁg\’se)ndors = P @_, / (C%Qs“e?ﬁyé'éﬁcﬂi — /, facturers | & Gﬁmin? Devices .) STEAM DECK graphics cards) $4.4 bi||10,1f A¥’ID thgn sold ZT Systems'
‘,egu\a,ion of exports of finished e = = only) = 2 =0 lanufacturers server manufacturing business to Sanmina
, terials and supplies, duces (1 ar I
900 o el 1 suppies wg%c(r)s ?é?i&r){;s ~ for 83 Dllon, keeping the 2T System's Al
Adaptive e ] GlobalFoundries  GlobalFoundries was a part of AMD prior to its Intel In the 1980s, AMD was a secondary source of chip supply for Intel. However, after th: king enablement feams. Sanmina
products and (2) ‘ ] Inc. spinoff in 2009 Now, AMD outsources its less- Intellectual - AMD and Intel parted ways, AMD reverse engineered Intel's chips to make its own e will handle the manufacturing
integrated circuits u roduces wafers for  sophisticated semiconductor fabrication work to Property | Rroducts that were compatible with Intel's groundbreaking x86 software. Intel sued of AMD's Al solutions
in the form of AMD's HRC products at ~ GlobalFoundries, which is in contrast to Intel, In e MD and, as part of a settlement in 1995, gave AMD the right to continue designing ©205 g
programmable  GlobalFoundries™ the i2nmand 14nm  Which is an integrated device maker and currently x86 chips, making personal computer pricing more competitive for end consumers. O Systems
logic devices) technology nodes) expanding its own foundry capacity. Its believed that some advanced features may require an x86 license from Intel. September 2025 nehagsilnoiCON
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GLOSSARY

IAccelerator Cards: Accelerator cards,
also known as hardware accelerator
cards or coprocessor cards, are
specialized hardware components|
designed to offload and accelerate
specific tasks or workloads in al
computer system. These cards are
typically used to enhance the|
?erforman;e of a computer or server
or specific types of computations,|
such as graphics processing, artificial
intelligence, machine learning,
cryptography, and more. Accelerator|
cards can significantly speed up these
tasks by taking on” the processin
load, leaving ~ the (Central
Processing Unit) to handle other
tasks. Common types of accelerator|
cards are GPUs, FPGAs, and NICs.

Al: Refers to “artificial intelligence,”
which is the simulation of the human|
brain by machines or comﬁ)uter
systems “to enable problem solving.
Specific apF\icaﬂons of Al include
expert systems, natural language
processing, speech recognition, and
machine vision.

JAMD: Refers to Advanced Micro
Devices, Inc., a Delaware corporation.
Headquartered in  Santa  Clara,
California, AMD is a U.S. multinational
semiconductor firm that  designs
computer ~processors and related
technologies  for consumer and
enterprise  markets. ~ While  the|
company at first made its own
rocessors, AMD  spun-off its
oundries in 2009 under the Global
Foundries name and now outsources
its semiconductor fabrication work to
GlobalFoundries and TSMC. The main
products developed by AMD include
microprocessors, embedded
processors, — graphics  processors,
motherboard “chipsets, and _ field-|
Erogrammab\e gate arrays (FPGAs)
or personal computers, workstations,|
gaming  devices, and embedded
Systems, applications

servers, and dataAMD:l

centers.

APls:  Application  Programming|
Interface,  which is a_~software
intermediary, connection or]
mechanism that enables two software
applications or  components  to|
lcommunicate with each other usin

set of definitions and protocols. APls|

organizations.

[APU:  Refers to  “accelerated|
processing unit,” first created by AMD
in 2011. An APU is a microprocessor
that combines the central processing
unit  (CPU)  with the  graphics
processing unit (GPU) on a single
[computer chip.

AR: Refers to “augmented reality,”
which is the integration of digital
information ~ with™ ~ the  user’s
environment in real time. Unlike VR,
which creates a totally artificial
lenvironment, AR userf experience

2 real world

environment with
generated perceptual Ju’f‘h
information overlaid on

top of it.

[Arm: Arm Holdings plc, a legal entity.
The acrcnﬁm “Arm”  stands for|
“Advanced RISC Machine.” Arm uses
an architecture based on RISC that is
different from the once-standard x86
architecture built by Intel in the early|

days of hat i
computing_that is
base?d ongCISC. a r m

ASIC: Refers to "application-specific
integrated circuit,” which is a chip on
which the pattern of connections has
been set up exclusively for a specific
function. Any chip that is custom-
made is an ASIC, designed for a
specific dpurpose. ASICs are typically
designed and used by asingle
company in a specific system. Theyl
are expensive, time-consuming, and
resource-intensive to develop, but|
they offer extremely high performance
coupled with low power consumption.

SP: Refers to “application-specific
standard processors.” In contrast to
IASICs, ASSPs are general-purfose
devices intended for ‘use by multiple
system design houses.

CISC: Refers to “complex instruction
set comguting," which'is distinct from
RISC. RISC-V and Arm processors are
based on RISC concepts and
computing  architectures  while x86
processors from Intel and AMD
lemploy CISC designs. CISC processors
seek to minimize the number off
instructions per program at the
expense of the number of computer|
clock cycles per instruction. ~ CISC
computing seeks to complete a task
in as few lines of code as possible,|
but a single CISC instruction may take
multiple “computer clock cycles to
complete.

Both RISC and CISC

can be seen as |ntel
different “schools  of

thought about how to

design a processor’s

ISA, or architecture for

short.

Cloud Native Environment: Refers to
the concept of building and runnin
applications to take “advantage of
distributed computing offered by the
cloud delivery ‘model, Cloud native
lapps are designed and built to exploit
the scale, elasticity, resiliency, ‘and
flexibility the cloud provides. In aj
cloud-enabled solution, a company’s
application is deployed in the public
cloud but still requires a physical
server of its own for operations.
However, with a cloud-

native  system, the
company ~ does  not
require “any - computing
infrastructure onsite.

CPU: * Refers to “central processing
unit,” which is a chip that functions as|
the brains of computing devices. Also|
called the central processor, main|
processor or just processor, the CPU
is made up of a set of electronic|
circuits that execute instructions
comprising a computer program to
perform “basic  arithmetic, logic,
controlling, and 1/0 (input/output)
operations specified in a computer|
program.

|Compute: Compute

e means  the
processing of data.

Deep Learning: A subset of ML, deep
learning is ~a computer science
lapproach where neural networks (1)
are trained to recognize patters from|
massive amounts of data (in the form|
of ima%es, sounds and text), often
better than humans, and in turn (2)
provide predictions in a production|
process. Deep learning is often used
to  make non-linear, complex
correlations, and needs to run on a
specialized GPU.

Deep neural network

Developers Toolkit: A developer’s
toolkit includes a range of tools and
resources that enable third party|
semiconductor developers to create,
analyze, test, and refine their|
designs, ensuring that the final
products  meet” the  required
specifications and perform relial \yr in|
their intended zy)plications. he
toolkit might include design software,|
development  kits and™ platforms,|
testing and measurement equipment,
pro?rammm%, manufacturing  and
profotyping tools, documentafion and
standards, and libraries and IP cores.

DPU: Refers to “data processing
unit,” which is a programmable
computer  processor desi?ned to|
efficientl handle  data-centric
workloads, such as data transfer,|
reduction, security, ~ compression,

analytics and encryption, at scale in
data centers. A DPU tightly integrates
a general-purpose CPU with nétwork|
interface hardware.

CPU vs. GPU chips

Edge: Refers to the “edge of a
network.” In a centralized network,
client devices are connected to one
server whose job is to process the
information requested by the users
and hand it back to them. While a
centralized network is Food enough|
to interact with simpler websites,|
companies have found that complex|
pro{ects involvin% a great bank of
customers work better with an edge
server. Unlike a centralized network,
because an edge server sits at the
edge of a network, it improves
latency, reduces loading times, and
removes the load from the origin
server.  Instead  of  sending
unprocessed data to the data center,|
edge servers process it themselves|
and send it back to the client
machines.

Cloud Bl
Y | (5} (9}
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EDA: Refers to “electronic design
automation,” a cateFory of software|
tools for designing electronic systems|
such as ICS and printed " circuit]
boards. Accord\'m]; to EDA leader|
Synopsys, the goal of EDA is to assist
in the " definition, planning, design
implementation, ~ verification,  an
subsequent manufacturing off
semiconductor devices, or chips.

In the first area of focus of EDA
(called techno\og% computer-aided
design, or TCAD), EDA tools are used
to “design and validate the|
semiconductor manufacturing process
to ensure it delivers therequired
performance and density.

The second focus of EDA (called
design for manufacturability, or DFM)
, EDA tools are used to verify that a
design will meet all the requirements
of “the manufacturing ~ process.
Deficiencies in this area can cause the
resultant chip to either not function or|
function at reduced capacity. There|
are also reliability risks.

In the third EDA focus area (called
silicon \ifec%gle ‘management, or SLM),
after the chip is manufactured, there|
is a growing requirement to
monitor the™ performance of the|
device from post-manufacturing test
to deployment in the field, (2) ensure|
the device continues to perform as|
expected throughout its lifetime and
(3iensure the device is not tampered
with.

The fourth EDA focus area is called
semiconductor intellectual = propertyl
(or semiconductor IP). This market
segment  provides  pre-designed
circuits of varying complexity that may|
be used as-is”or adapted for a|
Farticu\ar apﬁ\icaﬂon. Semiconductor
P allows highly complex chips to be
designed in farless

time since a lot of J
existing design SYnUPSYS
work ™ can e

reused.

Global Foundries: Global Foundries,|
Inc., a Cayman Islands company, is|
the world's third largest]
semiconductor  manufacturer “and
design company b¥ revenue,
Headquartered in in Malta, New York,
Global Foundries was created by the
the divestiture of the manufacturing
arm of AMD. The company was|
rivately  owned b¥ Mubadalaj
nvestment Com#)ang, he sovereign
wealth fund of the United Arab|
Emirates, until until an an initial public
offering in 2021. The company|
manufactures integrated circuits or
wafers designed for markets such as|
smart mobile devices, automotive,)
aerospace and defense,|
consumer internet of things, and for
data centers and communications
infrastructure. It is
the only fabrication company with|
operations in  Singapore,” the
European Union, and ‘the U.S.: one
mm and one 300 mm|
wafer _fabrication plant in Singapore;|
one m plant in Dresden,)
Germany; one 200 mm plant in
Burlington, Vermont.
I(wheret it s .ﬂ;e -
arges private
emgg\oyer) and one ‘
300 ‘mm plant in 4@

GlobalFoundries™

Malta, New York.

GPU: Refers to “graphics processing
unit,” a type of ~microprocessor,
capable of rendering graphics display}
on an electronic device, such as a|
gaming  console or vehicle
infotainment system. GPUs also have
application for video editing and
content creation, machine and deep
learning, and artificial intelligence|
(Al). GPUs are also know as “video|
cards” or “graphics cards.”

&
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HPC: Refers to “high performance
computing,” which iS the ability to
process data and perform complex|
calculations at high speeds. To put it
into perspective, a laptop or desktop|
with a 3 GHz processor can perform|
3 bilion calculations per second,
While that is much faster than any|
human can achieve, it pales in|
comparison to HPC solutions that can
perform quadrillions of calculations|
per second.

Ty

E Processor: Refers to
microprocessors  that  used in|
lembedded systems such as electronic
products ranging from video games
to automotive” control  systems,
industrial ~ automation,  sensors,
signage and transportation, and
home™ appliances, "among ~ other
things. While these microprocessors|
are “invisible and inaccessible to the
lend user, product designers use the
computational capabilifies of these|
embedded  microprocessors  to|
implement the operating features off
electronic  products _and  control
systems.  Both  CISC and  RISC
microprocessors are used in the|
embedded market. Although the
distinctions between RISC and CISC
microprocessor  technology  have
blurred considerably, CISC technology
generally increases performance byl
Using more complex_ instructions_ to|
achieve higher code density while
RISC technology generally achieves
substantial system” performance and
price/performance ~advantages byl
reducing the complexity “of the
processor instruction set, thereby|
lenabling more effective use of

pipelining ~and
opnmlzm% compilers,
powerful hardware and 3
software design

techniques.

FPGA: A field-programmable gate
array (FPGA) is a type of integrated
circuit that can be” programmed or
reprogrammed after manufacturing. It
consists of an array of programmable
logic blocks and ‘interconnects that
can be configured to perform various
digital functions. FPGAs are commonly|
used in applications where flexibility,
speed, and parallel processing
capabilities are

required, such as in
telecommunications,
automotive,  aerospace,
and industrial sectors.

IC: An “integrated circuit” (also
referred to as a chip or microchip) is|
a set of electronic circuits on one
small flat piece of semiconductor]
material, usually silicon. Large
numbers of miniaturized transistors
and other electronic components are
integrated together on the chié). This]
results in circuits that are orders off

magnitude smaller, faster, and less
expensive than those constructed off
discrete components, allowing a large
transistor  count. The IC's  mas:
groduction capability, reliability, and
uilding-block approach to integrated
circuit desi?n have ensured the rapid
adoption of standardized ICs in place|
of designs using discrete transistors.

These general-purpose devices that]
can be Used for a varietK of purposes|
and are found in everything from cell
phones to cars to spacecraft. Unlike|
the  microprocessor, ~ which |
designed to run software a#:hcatmns
and ives better performance,
integrafed circuits are ideal for
smaller applications that don't require|
as much computing power. Integrated
circuits allow devices to be smaller
and more lightweight. ~ However, an
integrated circuit”™ cannot  function
independently because it doesn't
have any program instructions or
other information stored inside itself,
In general, there are three types: (1)
commodity integrated circuits, which
are simple chips produced in large
batches and used in single purpose
appliances to perform  repetitive|
processing routines (e‘F., barcode|
scanners), (Zﬂ ICs made for a specific|
urpose, called application-specific
integrated chip (ASIC) and (3) the all-
in-one SoC, one of the newer types off

Intel: Founded in 1968, Santa Clara,
California-based Intel develops,
manufactures, markets, and sells F])
platform products, such as centrall
processing units and chipsets, and
system-on-chip and multichip}
packages; and accelerators, boards
and systems, connectivity products,
and miemory and storage products,
(Zr high-performance” "compute|
solutions “for targeted verticals and
embedded applications for retail|
industrial, and healthcare markets;|
and solutions for assisted and
autonomous  driving  comprising
compute platforms, computer  vision
and machine learning-based sensing,
mapping and _localization, drivin
pohol/, and active sensors, and (3%
workload-optimized  platforms and
related products for cloud service|
providers, enterprise and
government, and  communications
Service providers. Intel serves OEMs,

original design

manpfacture[g, cluug.

service providers, an t I
other equlpmentln e o
manufacturers.

Machine Learning: Also known as
[“ML,” machine learning is a subset off
Al is a computer science|
lapproach used in data science that|
leverages algorithms and data to
learn "how to make predictions or|
determinations. In other words, ML is
an  application  of where
machines/computer ~ programs  are
given access to data and then use
algorithms to find patterns in datal
(i.e., learn from the data). ML
applications are often used to make
simple, linear correlations, and can|
run on a CPU instead of a GPU that
lexcels at running many smaller tasks
at once.

With ML, a machine can automatically
learn new information and improve|
itself from experiences without having
to be programmed in a certain way
since the “machine will be able to
teach itself new forms of information.|
However, the machines are not|
sentient (yet) and must be (1) told
when they get something wrong or|
2) given new data to figure out what
he correct answer is. If new data or|
eedback is not given to the machine,
it will not organically “learn” from its

loT: Refers to “Internet of Th\'m{;ﬁ,"
which describesdphysica\ objects that|
are  embedde with ~ sensors,
processing  ability, and  other
technology  that ~ connects  and
exchanges data with other devices
over the internet.

IN(B?ENEE i
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kes an acﬁust accordingly. As a|
result, ML does not “provide
“feedback”; it needs to be told
explicitly how to fix a problem. Al, on|
the other hand, operates off a
feedback loop.

Rather than having to
input new data, Al is
able to seek out new
sources of data and
rebuild itself based on
those feedeLacks, unlike

r’

IP: Refers to the “intellectual
property” of Arm, including (1) Arm
architecture IP such as the compan*’s
RISC-based ISA, physical 1P,
consisting of components used in the
process of translating a design off
complex SoC integrated circuits into a
manufactured chip, (3) system [P
consisting of components used in an
SoC design (other than the GPU and
CPU), such as interfaces to externall
components and  on-dash  chip|
interconnects that bridge functional
components within the SoC, and (4)
version extensions, updates, support,|

Memory Chips: A memory chip is aj
semiconductor comprising numerous
capacitors and transistors that can|
hold data (a) temporar&\x through
random access memory (RAM) or

permanently through' read only|
memory (ROM). Memory chips can be
volatile” (i.e., require power to

maintain the stored information) or
non-volatile (i.e., does not require a
continuous

ower supply  to
Eeta\'n the pgayta or
program code stored
in " a computing
device).

patches, and bug fixes.

[SA Refers to “instruction set
architecture,” which specifies how
software runninﬁ on a CPU will
behave. At the heart of every
processor's _functioning lies its 1SA,
which is often thought of as the
blueprint that (1) outlines the set off
instructions a’  processor  can
understand and execute and (2)
shapes  the  capabilites  and
performance of a processor. The
choice of I5A influences how software|
is developed, and it has a lasting|
impact on a processor's efficiency)
compatibility, and flexibility. ISAs can|
be broadly catelgorized into two
t{pes: open and closed. Closed ISAs)
like Arm’s, are proprietary and tightly|
controlled by their owner (e.g., "Arm|
Holdings plc), oﬁen’n% established
reliability and compatibility but limitin
customization. On the other hand,|
open ISAs, exemplified by RISC-V, are|
communan-dnven and  provide|
reater flexibility for customization,|
ostering innovation and adaptation|
to specific needs.

[I5P: Refers to_an “image _signall
Erocessor” used to process images|
rom sensors in digital cameras

and other devices.
It is often included
in a SoC.

Microcontrollers: A micro-controller is
a small computer on a single VLSI
integrated circuit. A microcontroller|
confains one or more CPUs
(processor cores) along with memory,
programmable input/output
peripherals and program memory.

In contrast to the microprocessor|
which is used in applications where
a) the task is not pre-defined but
depends on the user or (b) intensive|
processing is re?uired), 2l
microcontroller is used for a specific|
task. Based on input given by the|
user or a sensor, the microcontroller]
performs a light amount of processing
land gives the result as an output. In
other  words, microcontrollers are|
desiﬂned for embedded applications
(such as washing machines and
microwave ovens) where the task is
pre-defined -- once the user sets the|
power and timing, the microwave|
provides cooked food; once the user
ets the parameters, the washing
machine provides clean clothes.

A microcontroller is similar to, but less|
sophisticated than, a SoC. An Sof

ma{ include a microcontroller as one
of its components, but usually
integrates it with advanced
pqrighera\s like a GPU, a

Wi-Fi module, or one or

more Co-processors.

LLM: Refers to large language
models. LLMs are advanced artificial
intelligence systems designed to
understand, generate, and interact
with_human Ian%uage in a way that]
mimics human-like” comprehension|
and responses. These models are|
trained on vast amounts of text data,|
enabling them to perform a wide|
range of language-related tasks, such
as ~ translation,  summarization,|

answering questions, and creative
writing. They work by analf/zmg thel
context and structure of langlage,

qurmn% patterns and nuances, and
using this knowledge to generate
cohérent and contextually “relevant
text. Lar%e language models, like
OpenAl's GPT (Generative Pre-trained
Transformer) series, represent the|
cutting-edge  of natural language
processing technology and™ are
continually evolving to”become more
sophisticated and” versatile in  their]
language capabilities.

Microprocessors:  Micro-processors
are used in (and mounted on the|
mother-boards  of)  virtually all
desktop and laptop computers and|
other types of electronic equipment,
such as cell phones, tablets, and|
[components of cars. Microprocessors
require extremely precise|
manufacturing to function properly,
lare power-hungry, and are better|
suited for more” demanding tasks.
They respond to user input, process|
instructions  and ~ perform  the|
calculations and  logic ~ operations
used to run software programs—i.e.,
play games, browse websites, edit
photos, create documents, stream|
media, and perform t icall

calculations. 'The  microprocessor|
contains all the components found in|
an IC — a CPU, input / output ports,|
land memorY -— but it also includes its
own non-volatile storage for
programs and data.

allows users to run

software on computers

without needing 7
additional hardware
devices.

Middleware: Refers to software that
different  applications ~ use  to|
communicate ~ with each  other.
Middleware acts as a bridge between
diverse technologies, fools, and

databases so the user can inte%rate
them seamlessly into a single system.

Mobile  Processors: A mobile
processor is a  microprocessor|
designed for mobile devices such as
laptops and cellphones. They are the
brains of the device.” Mobile
Frocessors tend to be less powerful
han PC processors due to their lower|
[TDP and power consumption. PC
processors ‘are optimized for high-
performance, while mobile processors|
are  optimized for low  power|
consumption and long battery life.
Mobile ~ processors “are typically
cheaper than PC processors which is|
one of the reasons mobile devise are
more affordable than PCs. It is worth
noting that there are some

high-end mobile
processors that are
on par with some PC
processors in terms
of performance, but
these are usually the
lexception and * not
the rule.

[Semiconductors: Also known as chips|
rocessors, semiconductors are|
made by imprinting a network off
electronic circuits/components onto al
wafer  that pamalv conducts
electricity, which can then perform
various functions—e.g., a
groc_essing, amplifying and’ selectivel
iltering “electronic " signals (b{
controlling, K
electronic system functions,
and (c) ~ storing and

Semiconductor  Foundries: Alsol
known as fabs, foundries are the|
facilities where semiconductor _chips|
or devices are manufactured. These
highly complex and expensive facilities
are either owned and operated byl
large, vertically " integrated
semiconductor  companies " (e.g.,
Infineon, ~ Samsung,  Intel, ~and
Renesas or ~operated as|
independent, “pure-play”
manufacturing service providers Fe.ﬁ.,
TSMC or Global Foundries)—i.e., the|
dominant business model.

intel

SAMSUNG

|'= GlobalFoundries™
Al

Smart NIC: Refers to “smart network|
interface  card,” which is @
programable accelerator that makes|
data center networking, security and
stborage efficient and flexible. See DPU
above.

INPU. Refers to "neural processin
unit,” also known as a neurd
processor, tensor process‘m% unit, or}
Al accelerator). The NPU is a
specialized processor that]
implements all necessary control and
arithmetic logic necessary to execute
ML algorithms, txfn’cally y operatin
on predictive models such’as artificial
neural networks or random forests.
In short, NPUs, such as the M2 chip
used in latest versions of Apple’s|
laptops and

tablets, specialize in

the acceleration of M
algorithms (10,00
times less time' than
GPU).

INVIDIA._ NVIDIA Corporation is the
worldwide leader in visual computing|
technologies and the inventor of the|
%raphic processing unit (GPU). Over|

e years, the company's focus has
evolved from PC graphics to artificial
intelligence (Al) based solutions that
now ~ support high  performance
cumputi%(HPC), gaming and virtual
reality (VR) platforms. NVIDIA's GPU
success can be attributed to its
parallel  processing  capabilities
supported bﬁ/ thousands of computing
cores, which are necessary to run
deep IearnirL]Jg algorithms. ~ The
company's GPU"platforms are playing
la_major role in developing multi-
billion-dollar ~ end-markets  like
robotics and self-driving ~ vehicles.,
NVIDIA is also a dominant hame in the
data center, professional visualization|
land gamin%I markets where Intel and
[Advanced Micro Devices are playing
catch-up. NVIDIA's partnership witl
almost ~ all  major  cloud  service
providers and server vendors is the|
catalyst.

' NVIDIA.

SoC: Refers to “system on a chip” or|
system-on-chip, which are among the
newest types of chips. SoCs integrate
or build”into one "chip most or all
electronic components needed for an|
entire_electronic system, such as an
on-chip central processing unit (CPU),
memory interfaces (RAM or random-
access memory), input/output ports,
input/output interfaces, and
secondary storage interfaces, often
alongside other components such as
radioc modems and GPU — all on a
single substrate or microchip. SoCs
may contain digital, and also analog,
mixed-signal, “and often radio
frequency siEnaI processing functions.
SoCs break from the " traditional
approach to system architecture--
e.g., motherboards on which each
component is discretely installed. This
enables the creation of smaller and
more efficient devices. ~ For this
0oagd

the creation of S
slim net-books,
lap-tops, smart SHe®
Fhones! and
oT devices.

Transistors: A miniature|
semiconductor that regulates or
controls_current or volta%e
flow in addition to
amplifying and generatin
these eléctrical signals an
ahcting asa sw‘\tch%gage for

em.

VR: Refers to “virtual Realit
distinct from

because VR creates a
totally artificial world.

VLSI:  Means  “very-large-scale-
integration”--creating an integrated
circtit by combining thousands off
transistors into a single chip.

[PCe: Refers to “peripheral
component interconnect express,” an|
interface  standard for connecting
high-speed ~ components.  Every
desktop PC motherboard _has 3
number of PCle slots one cam use to

a s,
RAID  (redundant x
array of ’
independent disks)

cards, Wi-Fi cards *

or SSH (solid-state 6
drive) add-on

cards.

e

[WLAN: Refers to “wireless local ared

network,” which is a wireless|
distribution method for two or more
devices; it uses high frequency radio
waves and includes an access point|
to the Internet.

Wide Area
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[RF: Refers to "radio frequency,” which
is used in various electronics and
appliances  (e.g., _ radios  and
microwave ovens)'), TV broadcast-
ing, cellular telephones,

satellite communications, (( ))
radars, and industrial

heaters and seaters. RF

is the oscillation rate of

an electromagnetic field.

[RISC: Refers to “reduced instruction|
set computing” architectures and
Frmcwp\es on which Arm'’s proprietary
SA is based. A RISC architecture has
simple instructions that can be|
lexecuted extremely qluickk in a single
computer clock cycle. Arm’s RISC-
based ISA has become the dominant
choice for embedded systems and
mobile devices due to its long-
standing presence in the market, as
well asyears of trust and expertise
cultivated, resulting in a widespread
positive reputation.

x86: x86 is a family of complex ISAs
(or CISCs) initially developed by Intel.
x86 processors from AMD and Intel|
dominate in computers and servers,|
while Arm RISC-based processors|
from Apple and Qualcomm dominate|
in tablets and smartphones. Arm-|
based processors have also been|
strong in embedded applications.
That strength is being challenged by
RISC-V, which is increasingly” being
used in  embedded systems,
automotive systems, disc drives, Al,
and ML applications.

3G, 4G, and 5G: 3rd, 4th , and 5th
enerations of  wireless, mobile,
roadband _/ cellular  network
technolcé?y. The latest generation is|
designed to deliver hi?her multi-Gbps
peak data speed, ulfra-low latency,
more _reliability, massive network
capacity, increased

availability, and a more 56

uniform user experience lII
than  all  previous <ol

generat\ons.
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Overview: Semiconductors are an essential component of modern life!  They are tiny electronic circuits made up of materials that partially conduct
electricity. A broad portfolio of semiconductors are essential components of electronic devices and enable these devices to perform their functions. As
such, semiconductors are considered the brains for millions of electronic devices and electrical systems located inside space vehicles, TVs, radios, video
game consoles, car computers and electrical systems, smartphones, personal computers, supercomputers, advanced medical diagnostic equipment,
appliances, military weapons systems, renewable energy systems, industrial equipment, data center servers, and telecommunications networks.

(VTTV]

Composition and Function: A semiconductor is a material that allows current to flow more than an insulator but less
than a pure conductor. Memory chips, microprocessors, and integrated chips are some examples of semiconductors.
= Semiconductors are made by imprinting a network of electronic components onto a semiconductor wafer. These
devices are designed to perform various functions such as processing, amplifying and selectively filtering signals,
controlling electronic system functions and processing, and transmitting and storing data.

Products and Devices That Incorporate Semiconductors

'Q GENERAL APPLICATIONS

oLh
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Vehicles
(See Specific Cases)

IT Devices
(see Specific Cases)

Space Vehicles

Factory Automation Systems

SPECIFIC CASES

Vehicles

wheels.”
Connectivity

The typical modern car is loaded with over 1,400
semiconductors to control safety, powertrain, electrical,
comfort, infotainment, and connectivity systems. For this
reason, vehicles are often referred to as "computers on

Infotainment

O

Safety

Audio/Video |

Airbag Controls

| Controller Area Network | [
(CAN)

Robotic Welding Machine

Smart Phones

Video Game Consoles

Supercomputers

Medical Diagnostic Equipment

Driver Display | [ Colision Avoidance

| Broadband, Wi-Fi,

Qil, Gas and NGL Pipelines

[
[ Railcars
[
[
[
[

Data Center Servers

[
[ Appliances
[
[
[
[

Military Weapons Systems

Embedded Systems
(Small Computers that Form Part of a
Larger Machine; They Control the Device
and Allow User Interaction)

Thermoelectric Applications (Including
Lighting and LED Displays)

Comfort

Networking Equipment

GPSSystems | [ TVs | Radios |
[ Telecommunications Networks |
WSaTc?gs | |FitnessTrackers l

Engine Management Systems

Central Heating Systems

Energy Systems

[
| Solar Cells and Other Renewable

T

>\

=

wt

Window/Mirror Controls

Over-the-Air Software ~7/4
Updates -

Bluetooth Navigation
!

Powertrain Tire-Pressure-Monitoring

IT Devices

Most people associate semiconductors with information technology devices, such as
personal computers (desktop and laptop computers), mobile devices (smart phones
and tablets), and servers in data centers.

Personal Computers

Mobile Devices

Servers

In 2021, 342
million PCs were
shipped around the
world. It was
exr)ected that 310
million PCs were to
be shipped in
2022. However, PC
shipments onl
reached 286.
million units in
2022,a16.2%
decrease from the
previous year. Most
PCs include only
one chip.

[ Vibration Control | |

Engine Control | | Traction-Control System

Seat Controls Fuel-Injection System

Electrical

Climate Controls HybEig,}tEr'gfmc Starter
Transmission Control

[ Adaptive Cruise Control | [ Electric Power Steering | |

Vehicle-Diagnostics

L

There are 6.7 billion smartphone
subscriptions globally (85% of
the world population). By 2028,
the rise in the number of
smartphone subscriptions is
projected to grow to 7.7 billion.
Current generations of
smartphones come in a range of
multi-range of processors, such
as Dual-Core 62), Quad-Core
(4), and Octa-Core (8), with the
Octa-Core processor (used by
Apple in iPhone 13 and 14)
eing the most powerful.

sl

Servers today feature one
or two x86 chips, or
maébe an Arm processor.
In5 or 10 years they will
feature many more. The
typical data center with
850 Megawatts of capacity
can run thousands to
millions of servers:




CHIPMAKRERS

DUSTRY PARTICIPA
Key semiconductor players include:
1) DESIGN ARCHITECTS

(Design architects research and develop
instruction set architectures for processors as
well as physical and system IP, which they license|
to system companies for customization and

manufacturing of chips).

2 )" SYSTEM COMPANIES
(Semiconductor companies whose research and

integrated circuit de :jgns_set the stage for chip

production).
AMDZU Qualcoww QBROADCOM
3’) FABS OR FOUNDRIES

(Pure-play foundries and integrated circuit
manufacturers perform fronf-end wafer
manufacturing operations. Foundry operators
may be System Companies or a third-party
contract manufacturers (if the System Company

rates on a “fabless” basis)).

Gifineon jntel.

ELECTRONICS
MANUFACTURING SERVICES (EMS)
(Companies provide integrated circuit assembly,

packagin(g, testing, and repair services to the
System Company. These companies are also
capable o designin% and manufacturing

semiconductors).
ka@r_ JABIL
d ASE GROUP

Foxconn

5
>/ OEM CONSUMERS
(OEM consumers are the original equipment
manufacturers of electronic devices (or the
makers of electronic components and assemblies
of such devices) into which finished chips will be

incorporated).
aws
N—-"1

DAL verizon’
A
& RTX

Technologies

production process
consists of nine
steps—research,
design, raw
materials
procurement, ingot
production, blank [
wafer production,
finished wafer
production, finished|
wafer cutting,
finished wafer
packaging, and
bedding finished

Pre-competitive research is

conducted.

Engineers use highly sophisticated
equipment to design
semiconductors, similar to how
architects design buildings.

Many semiconductors start out
as germanium or sand, which
contains a large amount of
silicon, or compounds such as
gallium arsenide. In a process
called doping, small amounts of
impurities are added to these
pure elements or compounds,
causing large changes in the
conductivity of the material.

The sand is purified and melted into
solid cylinders called ingots,
weighing up to 200+ Ibs.

The ingot is then sliced into very thi
(1mm) silicon discs and polished to|
a flawless finish.

Next, wafers are printed with
highly intricate circuit designs that
will later become individual chips.

wafers in circuit
boards.

FOUNDRY MODEL

semiconductors, sometimes as
many as 70,000 per wafer, is then
cut up into tiny individual
semiconductors called dies.

a <
&e

The silicon wafer containing finished

PRODUCTION FOUNDRY
PROCESS FABLESS SYSTEM COMPANY — (May partner withSystem Company on Design and R&D) — EMS COMPANY — OEM CONSUMER
8A. DELIVERY CHIPS TO 9. CHIP ON CIRCUIT BOARD
FABLESS MODEL FABLESS SYSTEM COMPANY
The packaged chips are delivered mmiim, Finished semiconductors are
to the Fabless System Company. embedded in countless electronics
devices, from personal computers,
servers and smartphones to highly
According to th advanced medical equipment,
Scéﬁ]ric:)"ngduimre rab- vehicle electrical systems, and
Industry ool supercomputers.
Association, the
semiconductor 1. RESEARCH 2. DESIGN 3. RAW MATERIALS 4. INGOT 5. BLANK WAFER 6. FINISHED WAFER 7. CUT WAFER 8. PACKAGED CHIP

The dies are then packaged into
finished semiconductors, which
can then be placed into
electronic devices.

Foundry Model

FOUNDRY

FOUNDRY END
CONSUMER

ﬁ

SYSTEM COMPANIES

The numerous chipmakers range from (1)
household names with global reach to (2)
smaller suppliers little known outside their
specialized market niche.
Semiconductor firms focus their operations
around one of three models:

6) FABLESS
(Fabless companies focus only on chip design
and then outsource the manufacturing of their
chip designs to third party producers).

Qualcomn AnvIDIA.

@NTEGRATED DVICE MANUFACTURERS

(IDMs%1
(IDMs conduct both design and
manufacturing activities).

sAMSunNG jntel.

8
O FOUNDRIES

(Pure-play foundries are companies that focus
primarily on manufacturing for third parties.

": GlobalFoundries™ ts";nc
A | et

DESIGN ARCHITECTS

&

FABLESS COMPANIES

INTEGRATED DEVICE MANUFACTURERS

PURE-PLAY FOUNDRIES

CHIP TYPES

KEY CHIP CATEGORIES

Semiconductors can be divided into three

main categories:
@

MEMORY CHIPS

PROCESSORS AND CONTROLLERS

INTEGRATED CIRCUITS

MEMORY CHIPS

o
1

&

PROCESSORS AND

LERS

Y

1)

INTEGRATED CIRCUITS

N(Includ‘mg Accelerated Processinﬂ Units (APUs),
leural Processing UnnséNPUs), ata Processing|
Units (DPUs), Graphics Proce

ssing units (GPUs),
and Systems on Chip (SoCs))

MEMORY CHIPS
A memor{ chip is a
semiconductor  comprisin

numerous capacitors ~ an
transistors that can hold data
(a) temporarily  through
random access memory
(RAM) or (ly permanently
through read only memory
(ROM). Memory chips can be
volatile (i.e., recLuire power
to maintain the stored
information) or non-volatile
(i.e., does not require a
continuous é)ower supply to
retain the data or program
code stored in a computing
device).

CENTRAL PROCESSING UNITS
(CPUs)

The CPU is a chip that functions
as the brains of the personal
computer (PC). Also called the
central processor, main processor
or just process, the CPU is made
up of a set of electronic circuits
that execute instructions
comprising a computer program
to perform basic arithmetic, logic,
controlling and 1/0 (input/output)
operations specified in computer
program.

MICROPROCESSORS

MICROCONTROLLERS

INTEGRATED CIRCUITS (ICs)

ACCELERATED

Microprocessors are used in (and mounted on the
mother-boards of) virtually all desktop and laptop
computers. They are also found in other types of
electronic equipment, such as cell phones, tablets, and
cars.  Microprocessors  require ~ extremely  precise
manufacturing to function properly, are power-hungry,
and are better suited for more demanding tasks. They
respond to user input, process instructions and perform
the calculations and logic operations used to run
software programs—i.e., play games, browse websites,
edit photos, create documents, stream media, and
perform mathematical calculations. The microprocessor
contains all the components found in an integrated circuit
— a CPU, input / output ports, and memory — but it also
includes its own non-volatile storage for programs and
data. This allows users to run software on ‘computers

without needing additional hardware devices.

In contrast to the microprocessor
which are used in applications where
a) the task is not pre-defined but
depends on the user or (b) intensive

processing is required),

a

microcontroller is used for a specific
task. Based on input given by the user

or a sensor,

the™ microcontroller

performs a light amount of processing
and gives the result as an outpuf.
Examples include the washing machine

and microwave oven, where

e task is

pre-defined -- once the user sets the
power and timing, the microwave gives

the user cooke

food; once the “user

sets the parameters, the washing

machine gives the user clean clothes.

Integrated circuits are general-purpose devices that can
be used for a variety” of purposes and are found in
everything from cell phones to cars to spacecraft. Unlike
the microprocessor, which is designed to run software
applications and gives better performance, integrated
circuits are ideal for smaller applications that don't require
as much computing power. Integrated circuits allow
devices to be smaller and more lightweight. However, an
integrated circuit cannot function independently because it
doesn't have any program instructions or other
information stored inside itself. In general, there are three
types: (1) commodity integrated circuits (CICs), which are
simple chips produced in large batches and used in single
purpose appliances to perform regetitive processing
routines (e.g., barcode scanners), (2) ICs made for a
specific purpose, called application-specific integrated chi
(ASIC) and (3) the all-in-one “system on a chip” (SoC),
one of the newer types of chips.

=2e==20l
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PROCESSING UNITS
(APUs)

Created by AMD in 2011,
an accelerated processing
s a

unit
microprocessor that
combines  the central

processing unit (CPU) with
the raFP ics processing
unit %G U) on a single
computer chip.

display on an electronic device,

computer or " vehicle infotain
system. GPUs also have applic
for video editihng and co
creation, machine and

GRAPHICS PROCESSING
UNITS (GPUs)
A type of microprocessor, a
graphics processing unit (GPU%] is
capable of rendering graphics

such

as a gaming console, personal

ment
ation
ntent
deep

I&e};ning, and artificial intelligence

NEURAL PROCESSING UNITS
(NPUS)

A neural processing unit (NPU),
such as the M2 chip used in latest
versions of Apple’s laptops and
tablets, is a microprocessor that
specializes in the acceleration of
machine  learning  algorithms
&10,000 times less time "than a
PU), typicalgllby operating on
el

predictive models such as artificial

neural networks (ANNs) or random
forests (RFs). It is also known as
neural processor.

DATA PR%ELSJSI)NG UNITS SYSTEMS ON A CHIP (SoCs)
s

DPUs are the new kids on the block.
A DPU is a programmable processor
designed to efficiently handle data-
centric workloads such as data
transfer, reduction, security,
compression, analytics, and
encryption, at scale in"data centers.
DPUs work with CPUs and GPUs to
enhance the computing power and
handling of increasingly complex
modern data workloads.” The DPU
market has gained traction due to
the rise in demand for Al, machine
learning, deep learning, Internet of
Things, 5G, and complex cloud
architectures.
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A form of integrated circuit, the SoC is among the
newest types of chip. All the electronic components

needed for an entire system (e.g., CPU,
(or RAM), storage, /0 (input/out

Access Memory

andom

ports) are built into a single chip. SoCs break from the
traditional approach to system architecture (e.g., with
motherboards) where each component is discretely
installed. This enables the creation of smaller and

more efficient devices.

For this reason, SoCs are

driving innovation in the creation of netbooks, laptops,
smartphones, Internet of Things (loT) devices.




