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Intel Foundry Process Roadmap

Leading and extending process roadmap beyond five nodes in four years (5N4Y) to include new
Intel 14A and several node evolutions to address customers’ varying requirements.

COMPLETE 2024 LEAD & EXPAND 2027

intel intel
14A 14A-E

Industry 1st
High-NA EUV

P = performance improvement, T= through silicon vias for 3D stacking, E=feature extension
2024 and 2027 targets represent planned milestones and expectations

Y

e e e e e e e e e S = intel foundry
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Sapphire
Rapids
Data Center

Raptor Lake
Client

Alder Lake
Client

i:] Custom ASIC
ED Networking

An/ Meteor Lake
4.7/ Client

Intel

R
BET

IRENB2025%F(CHNFT

Foundry

L | Sijerra Forest
@ Data Center

= Granite Rapids
@ Data Center

Intel

A

Risk®E

RE

Arrow Lake
Client

Li

Intel

3

2023FE T¥HA
IS FHA

Foundry

Clearwater
Forest
Data Center

Future Lake
Client

Intel

20A

20244 F4HA

RskE

18A

2024 T4 HA

RiskE

* Select Products Shown. Based on internal estimates. Technology readiness timing does not necessarily indicate product production timing. Learn more at www.intel.com/Performancelndex.
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E-Core 4 !
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‘x o ~ ~, = ® ® . ’ S
e EOEE 15 )L° Xeon < ‘ ~~
s ' L e Na
L ZT=57)L - oy — L ee -
P-Core e -
CPU CN@iEn. TV TIL° Xeon® FERME 1> 7 )L Xeon® 1> 7 )L® Xeon®
: vg‘v‘. CPURYHZR - YU—x ZOEvY— , Joeyy—
[ J— RR—L Emerald Rapids J— kR —L Granite Rapids
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ﬁﬁﬁ JgrsL—% Gaudi® 2 L Gaudi® 3
\ \ XA GPU
I _.\ J— F=—LA Falcon Shores
GPU ¥ 1> 5)L® Data Center GRU XYY O X - YU—X —
Visual Cloud | % «~7)L® Data Center GPU Flex Series - 5 )L° Data Center GPU Flex Series
GPU R J— Rk— /A Melville Sound
) 15+ new FPGAs on
FPGA LS schedule to PRQ in Next Gen FPGAs
= 2023
2023 2025+
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* 288 cores !

Intel® Xeon® with E-core
Launch 2024

intel.iInnovation



Intel® Xeon® A+t wH—

FOEHAK 1 > TILe
Xeon® 7O+t vwH—

TS L—4E2T2DY
HEE L
D—4 00— KFIZx#E1k

ML Perf #&: 3 X k3
EIZENT-ATIL®
A=Yy LZEFEAL.
97~100%MD < JLF
/=K Ry—=1yy
ER

IRfitrh

intel.

4 > T )L®Xeon® CPU
TYIPR)—X

SWLWAEY N FIF

HBMZ2e

00t Xeon &
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H i
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FERHEK 1 O TILe
Xeon® O+t vy H—
Formerly codenamed
Emerald Rapids
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JL—0OR)—-F0./0V—
DDR5 PCIE 5 CXL 1.1
ik XEU/NY FIE BLRIL—Tv XIS 10
AEAl 7Oot>5L—3 >
- > 7 )L® Advanced Matrix Extensions (AMX)
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ILEEXEY
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-1 > 5 )L® Advanced Matrix Extensions (AMX)
T =TSV IDHmE LV FBUNIEMEZ [N L

2048

TA—T5—ZT . int8
T—5—547 = Bfloat16 [
1024
» RERAVFTILV—FFTIOFvD
ISAL NJLTDOINE JO0g5<EYU T«
= (EEE |
256
64

ﬁﬁﬁg\ﬁ@ 7\ I/ - -b\t Ij s g N AVX-512 (2xFMA) FP32 AVX-512 (2xFMA) INT8
353:07 /r 7 = IJ h\*u % ﬂﬁg AMX (TMUL) BF16 AMX (TMUL) INTS8

intel.

Results have been simulated. For workloads and configurations visit
www.intel.com/ArchDay21claims . Results may vary
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) , o o & . O R o 5 O & & e S < 5
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Visit www.intel.com/performanceindex for workloads and configurations. Results may vary

This offering is not approved or endorsed by OpenCFD Limited, producer and distributor of the OpenFOAM software via www.openfoam.com, and owner of the OPENFOAM® and
OpenCFD® trademark

Relative performance (Higher is better)
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intel.
XeON -
MAX SERIES \

X864/ ,
HBM#ZFDE— O CPU

FIBFXEYERRETETD S

Memory Modes

l
l | ‘ | ‘ HBM Only HBM Flat HBM Caching
EEEj( EE'§7( Bootable from HBM 2 Memory Regions HBM as cache for DDR
6 4 G B 2 G B No code change SW Optimization Needed = No code change
22 OG F/s
HBMZ2e
4 stacks of HPCG HBM per Core HBM >gé HBM DDR SEVM— DDR
16GB

intel
See backup for workloads and configurations. Results may vary.



intel.

XEeON

Relative Perf. Higher is better

MAX SERIES

Industry Standard
6

5.3

AEUBHEBRT ZAYFI—2
CPU MAXTIEe X

SIS s :

2S 17 )" Xeon"CPU YW R « 1J—X vs.
2S E=tH{ 1> 7 )L° Xeon® 8380 YOtzwvH—

Intel® Stream HPL HPCG
Xeon® Triad
8380

Processor

P FOitE 1> F)L° Xeon® R —57)L - FOotvd— P 1VFI)L° Xeon® CPUR YOI R+ YU—X

See backup for workloads and configurations. Results may vary.
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MAX SERIES

7 HE=BRIERE

HPCG %8

1.65x

Relative performance (Higher is better)

)%
AMD EPYC 9654 45 JL° Xeon®
CPUT VYT R
9480

Visit www.intel.com/performanceindex for workloads and configurations. Results may vary
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Relative performance (Higher is better)
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See backup for workloads and configurations. Results may vary.
u This offering is not approved or endorsed by OpenCFD Limited, producer and distributor of the OpenFOAM software via www.openfoam.com, and owner of the OPENFOAM® and OpenCFD® trademark
Intel MLPerf™ HPC-AI v0.7 Training N> F < —% Performance. Result not verified by MLCommons Association. Unverified results have not been through an MLPerf™ review and may use measurement methodologies and/or workload implementations that are
= inconsistent with the MLPerf™ specification for verified results. The MLPerf™ name and logo are trademarks of MLCommons Association in the United States and other countries. All rights reserved. Unauthorized use strictly prohibited. See
www.mlcommons.org for more information
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FRE A 2T )L° Xeon® JAtywH—

Al HPC AT4T

B ENH LAMMPS - Transcode
Copper (FFMPEG)
J—45 O0— RIZE@EE St =X &X B
FERHSHED=(\T I F 4 —
= n o n n n
=iE A E 1) 8xDDR5, 5600 MT/s higher throughput higher performance aggregate FPS
! (rec/sec) on On -
Xeon 8592+ Xeon 8592+ Xeon 8592+
VS VS VS
HL3R 1/O: CXL B A4 F1&£2,PCle Gen5,80L— > Xeon 8480+ (BF16) Xeon 8480+ Xeon 8480+

intel.

See backup for workloads and configurations. Preproduction 5t Gen Xeon CPU performance measurements. Results may vary.



FED A4 2T I)L°Xeon® TAt vy H—

codenamed Granite Rapids

» KUZNVaTHEH KYBFOEKE INtel®
2_3X Advanced Matrix Extensions (Intel® AMX)

L UEWAIT—9 O— FERE = FP16 % 3B
s 2 AEYFRILBEIUMCRYAR—F

(large LLMETILIZES)
2.8x "

FUSWNAEY /N KIF = HPCEAID—4 O— RIZREHTCOFEHR

29X

DeepMD+LAMMPS Al > J 7 L2 AR?

1- Based on architectural projections as of August 21, 2023 vs prior generation platforms. Your results may vary.
2 — See intel.com/performanceindex for workloads and configurations. Your results may vary.
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Relative performance (Higher is better)
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See backup for workloads and configurations. Results may vary.
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GAUDI2

/nm

Process
Technology

Availability

Cloud

On-Prem

24 96 GB

Tensor On-Board
Processor Cores HBM2

\!
48MB 24

SRAM Integrated
Ethernet ports

Intel Developer Cloud

Supermicro Gaudi2 Server



Intel® Gaudi®2 Al 795 L—4&

Normalized to account for # of GPUs

(0]
Q
£ é B nvidia HI00 (Nov)
R4 SIS A S 'Li S Lower is better - :”:e: Ea”::i:w;
MLPerf GPT-3 %E NUFN— 7 r ML Perf Training 3.1 78 e
‘g g GPT-3 Benchmark E 2
e g
* MLPerfO#RZRIE LI-HE—DAITY <4 | g ' ' l
A ~— © 9
£S5 L—4—3%0 5 50l £2 o s AR B
E (2 Nov 23 I
= FP8IZ&k Y103% GPT-3MfREZ M L &2 GPT-3 © StableDiffusion  ResNet BERT
» EFSTERBEDEALLE ' FP8 G2/BFI6 G2/BF16 G2/BFI6

GPTJ-99 Server Throughput Queries/sec, 8 accelerators

MLPerf GPT-J /R F7—% s Ul LS 0,

BO
70

= HIOOL [RIFRFD/KT+ —T VR % !

= AIOO & ELEE L T24E D EAE %’ .
10

Gaudi2 HIOO-5SXM-80G GH200-96G Al00-5XM-80G

Visit https://mlcommons.org/en/ for workloads and configurations. Results may vary.
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] 14 >3 )L oneAP| & L Al
oneAPI ‘Y —)L
14VFI)VI\— RO 7O MEERKIL
IR IT BDIERE & Al :PCTj'J DEIR1L U77)ILY 1 A ﬁCUDA*?’J“BSYCL*’\
L1 L= T DB ST

Fri%EE

FEMH > 7 )L Xeon® OpenMP GPU offload & extended

CPUs & Max Series CPUs & GPUs support for OpenMP & Fortran , . with improved tools
Base & HPEooINE hardware acceleration on Intel Rt

GPUs & Al-based denoising in
milliseconds*

oneAPI
Powered by oneAPI
intel intel intel intel intel
1 R 1 %o 1 s 1 o VS
oneAPT oneAPT oneAPI oneAPI TOOLKIT pen

*avail. in open source Intel® Embree & Intel® Open Image Denoise, they will be in the Render Kit's next release
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CUDA MmN 5 C++/SYCLADFZAT RS

F—FTHOFy CEICRERI— REZN - YBRTF LY T ZRE (A e

Migration Porta

. RHDTIETL—FERRL, HELBEEERRI—F CUDA Migrate Cr+with SYCL
=B

« EH—QC++withSYCLO— KR—X T, HH#HOR ST —DEHD
T—XTI9F¥—DT7Io 1S5 L—4 ETETAHE

= A 2T I)L®DPC++ Compatibility Tool&E A —T Y —R
SYCLomaticlg. BEIZCUDATZ ) 5—< 3 VD90~
95%* % B EIMIIZSYCLIZFB1T

" - > CUDA Source Code P DPC++ Human Readatk: C s, aries, Run on Multiple Devices
L CU DA b\ b SYCL AO)*Z’?T I-I_s_ 9 )I/_G ‘j:~ a: 1 e I\ IJ 7)[/\ N ¢ Soureete CGE\%}ELtiI%ﬁ?fyTOGI MLEEIEE;TSC\;:a) : Analyzers, Debuggers (AI’ChItECtL:E '
ARFSHF4R, A—RY LT, FTUL—arhin

. 33227 14—YR—+zSEARE

Migration Success Examples:

Argonne < TENN

NATIONAL LABORATORY i 3 (‘ArEViUE D . blender '

=5 ; . . TECNICO FAST. FLEXIBLE |HH<};\
LISBOA GROMACS #\}

Bittware | T

OF UTAH
amolex company

"
OLD DOMINION SAMSUNG MEDISON Stockholm

University

lIntel estimates as of March 2023. Based on measurements on a set of 85 HPC benchmarks and samples, with examples like Rodinia, SHOC, PENNANT. Results may vary.
*Other names and brands may be claimed as the property of others. SYCL is a trademark of the Khronos Group Inc.
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Notices and Disclaimers

Statementsin this document that refer to future plans or expectations are forward-looking statements. These statements are based on current
expectations and involve many risks and uncertainties that could cause actual results to differ materially from those expressed or implied in such
statements. For more information on the factors that could cause actual results to differ materially, see our most recent earnings release and SEC filings at
www.intc.com.

All product plans and roadmaps are subject to change without notice.

Performance varies by use, configuration and other factors. Learn more on the Performance Index site. Intel technologies may require enabled hardware,
software or service activation.

Performance results are based on testing as of dates shown in configurations and may not reflect all publicly available updates. See backup for
configuration details. No product or component can be absolutely secure.

Your costs and results may vary.
Intel does not control or audit third-party data. You should consult other sources to evaluate accuracy.

Code names are used by Intel to identify products, technologies, or Service that are in development and not publicly available. These are not "commercial”
names and not intended to function as trademarks.

© Intel Corporation. Intel, the Intellogo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. Other names and brands may be
claimed as the property of others.
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