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AT A GLANCE

Single dual-socket systems powered by 4th Gen AMD EPYC™ processors demonstrate outstanding Black-Scholes performance
uplifts compared to both 3rd Gen AMD EPYC and Intel® Xeon® Platinum 8380 processors.

PERFORMANCE HIGHLIGHTS

These charts show selected performance uplifts provided by 4th Gen AMD EPYC processors compared to both 3rd Gen AMD EPYC and Intel
Xeon Platinum 8380 processors running the Black-Scholes model. Numbers in parentheses indicate the number of options, in (millions):

AMD EPYC™ 9654 vs. AMD AMD EPYC™ 9654 VS. INTEL® AMD EPYC™ 9554 vs. INTEL®
EPYC™ 7763 (200) XEON® PLATINUM 8380 (200) XEON® PLATINUM 8380 (200)

Intel® Xeon® ] Intel® Xeon®
A7,;/|¢I‘,D3E:P1YOCOT: Platinum 2.33x Platinum ~2.13x
(2 x 64 céres) 8380 = 1.00x 8380 = 1.00x
(2 x 40 cores) (2 x 40 cores)
AMD EPYC™ AMD EPYC™ AMD EPYC™
9654 9654 9554
(2 x 96 cores) (2 x 96 cores) (2 x 64 cores)

KEY TAKEAWAYS

Comparing the Black-Scholes performance of single dual-socket node servers powered by 4th Gen AMD EPYC 9654
(96-core) and 9554 (64-core) processors versus servers powered by Intel Xeon Platinum 8380 processors yields
impressive performance uplifts of up to ~2.33x and ~2.13x, respectively. The same dual-socket test server with 96-
core AMD EPYC 9654 processors also demonstrates impressive generational performance uplifts of up to ~2.17x
compared to a dual-socket server powered by prior-generation 64-core AMD EPYC 7763 processors.

4th Gen AMD EPYC processors feature:

* 1MBL2cachevs.512KBin “Zen 3. »  Support for PCle® Gen 5 at up to 32 Gbps.
* Upto4links of Gen 3 Infinity Fabric™ at up to 32 Gbps. *  AVX-512 instruction support for enhanced HPC and ML
« 12 memory channels that support up to 6TB of DDR5- performance.
4800 memory. «  AMD Infinity Guard technology to help protect your
data.’

IN THIS BRIEF
* AMD EPYC 9004 Processors » Test Methodology

* AMD EPYC 9004 Series Architecture Quick Look « System Configuration
« AMD EPYC 9004 Series CPU Options * Single-Node Performance
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AMD EPYC™ 9004 PROCESSORS

4th Gen Series Processors™ continue the AMD history of x86 architecture innovations and world-record performance found in 3rd
Gen AMD EPYC processors. Each AMD EPYC 9004 processor includes up to 96 cores running at high frequencies, high memory
bandwidth and capacity, and up to 384MB of L3 cache to unleash exceptional performance.

AMD EPYC 9004 Series Processors are built on next-generation 5nm technology. They support 12 channels of high- performance
DDRS DIMMs with one or two DIMMS per channel (depending on OEM configuration), AVX512, and up to either 128 lanes (single-
socket) or 160 lanes (dual-socket) of fast PCle® Gen 5 I/0. These features meet the demands of today's compute- and memory-
intensive Al, ML, HPC, and in-memory workloads. They also natively support the increasing use of accelerators, GPUs, FPGAs,
and high-capacity LAN cards. 4th Gen AMD EPYC processors raise the bar for datacenter performance on premises or in the cloud
running bare metal, VM, or containerized workloads.

4th Gen AMD EPYC 3004 Series Processors empower faster time-to-value by delivering performance and scalability, while also
helping keep your data secure. AMD Infinity Guard helps your organization take control of security and decrease risks to your
most important assets - your data.’

AMD EPYC 9004 SERIES ARCHITECTURE QUICK LOOK

AMD EPYC 9004 Series Processor continue the proven Multi-Chip Module (MCM) chiplet architecture found in previous AMD
EPYC processor generations. The all-new “Zen 4” core is manufactured using a 5nm process and designed to provide a
significant instructions per cycle (IPC) uplift over prior-generation 7nm “Zen 3" cores. Built-in Simultaneous Multi-Threading
(SMT) support allows up to 2 threads per core. This means that each dual-socket system with two 4th Gen AMD EPYC 96-core
processors offers 192 physical cores and up to 384 threads.

4th Gen AMD EPYC 9004 processors also include a generationally enlarged L3 cache that ranges up to 384MB/CPU. This large
cache facilitates cache sharing between the cores to a unified 32MB of L3 cache per core chiplet die (CCD). This means that up to
8 cores per CCD can share 32MB of unified L3 cache.

Zen4 Core L2 Cache L2 Cache Zen4 Core

Zen4 Core L2 Cache L2 Cache Zen4 Core

Zen4 Core L2 Cache L2 Cache Zen4 Core

Zen4 Core L2 Cache L2 Cache Zen4 Core

Figure 1: AMD EPYC 9004 Series Processor L3 cache layout

This proven L3 cache design can increase the cache hit to miss ratio over previous designs. Improved cache sharing also allows
larger blocks to fit directly into the cache instead of falling into the main memory. Further, improved cache fetching and eviction
policies manage data more efficiently. Combining the highly efficient cache found in 4th Gen AMD EPYC processors with the new
“Zen 4" cores plus support for DDR5 memory enables a performance uplift on financial services workloads compared to 3rd Gen
AMD EPYC processors, as described below.
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AMD EPYC 9004 SERIES CPU OPTIONS

4th Gen AMD EPYC Series Processors come in 18 different CPU configurations. Table 1 lists the key features of each available 3rd
Gen AMD EPYC processor model. Of these, the 9xx4F models drive up per-core performance compared to other 9xx4 processors
by offering the highest frequencies of their respective core counts.

CORES/ DEFAULT L3 CACHE

MODEL # CCDS (MB)

CTDP (W) NPS

THREADS TDP (W)

9654 96/192 240 3.70 360 320-400 384 1/2/4 1P/2P
9654P 12 96/192 240 3.70 360 320-400 384 1/2/4 1P

9634 12 84/168 2.00 3.70 290 320-400 384 1/2/4 1P/2P
9554 8 64/128 3.10 3.75 360 320-400 256 1/2/4 1P/2P
9554p 8 64/128 3.10 3.75 360 320-400 256 1/2/4 1P

9534 8 64/128 2.45 3.70 280 240-280 256 1/2/4 1P/2P
9474F 8 48/96 3.60 410 360 320-400 256 1/2/4 1P/2P
9454 8 48/96 2.75 3.80 290 240-280 256 1/2/4 1P/2P
9454p 8 48/96 2.75 3.80 290 240-280 256 1/2/4 1P

9374F 8 32/64 3.85 4.30 320 320-400 256 1/2/4 1P/2P
9354 8 32/64 3.25 3.80 280 240-280 256 1/2/4 1P/2P
9354P 8 32/64 3.25 3.80 280 240-280 256 1/2/4 1P

9334 4 32/64 2.90 3.90 210 200-240 128 1/2/4 1P/2P
9274F 8 24/48 4.05 4.30 320 320-400 256 1/2/4 1P/2P
9254 4 24/48 2.90 415 200 200-240 128 1/2/4 1P/2P
9224 4 24/16 2.50 3.70 200 200-240 64 1/2/4 1P/2P
9174F 8 16/32 410 4.40 320 320-400 256 1/2/4 1P/2P
9124 4 16/32 3.00 3.70 200 200-240 64 1/2/4 1P/2P

Table 1: AMD EPYC 95004 SKU options

FOR ADDITIONAL INFORMATION

Please see the following additional resources for more information about 4th Gen AMD EPYC features, architecture, and
available models:

AMD EPYC™ Tuning Guides « AMD EPYC™ Products

TEST METHODOLOGY

AMD measured Black-Scholes performance in elapsed time, which only accounts for the time required for the Black-Scholes core
computation and excludes the time required for memory allocation and initialization. This Performance Brief shows relative
performance comparisons by converting elapsed time as defined above to performance (1/elapsed time) and then showing the
relative performance of AMD EPYC 9654 and AMD EPYC 9554 with Intel® Xeon® Platinum 8380 processors, and AMD EPYC 9654
and AMD EPYC 7763 processors. Higher numbers are better.

The benchmark was run six (6) times on each testing system, with each run having 1024 iterations. This performance brief shows
the median performance.
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SYSTEM CONFIGURATION

AMD SYSTEM CONFIGURATION

CPUs

Frequency: Base | Boost3
Cores
L3 Cache
Memory
Network Interface Card

Storage: OS | Data

BIOS and Settings

0S Settings

OpenMP Settings

2 x AMD EPYC 9654 2 x AMD EPYC 9554 2x AMD EPYC 7763

2.40 GHz | 3.70 GHz (up to) 3.10 GHz | 3.75 GHz (up to) 2.45 GHz | 3.50 GHz (up to)
96 cores/socket (192 /node) 64 cores/socket (128/node) 64 cores/socket (128/node)
384 MB 256 MB 256 MB

768GB (24x) Dual Rank
DDR5-4800 32GB DIMMs
1DPC

1x NetXtreme BCM5720
Gigabit Ethernet PCle

1x 894GiB (960GB) SATA
1x 2.9TiB (3.2TB) NVMe

Version RTI1000F,
Logical Processor=Disabled,
NPS=1,
Prefetchers=Enabled,
L3asNUMA-=Disabled,
SMEE=Disabled,

C States=Auto,
Determinism=Power,
Turbo Boost=Enabled,
TSME=Disabled,

512GB (16x) Dual Rank
DDR4-3200 32GB DIMMs,
1DPC

2 x NetXtreme BCM5720
Gigabit Ethernet PCle

1x 223GiB (239GB) SATA
4 x 2.9TiB (3.2TB) NVMe

Version 2.7.3,
Logical Processor=Disabled,
NPS=1,
Prefetchers=Enabled,
L3asNUMA-=Disabled,
SME-=Disabled,

C States=Enabled,
Determinism=Performance,
Turbo Boost=Enabled,
TSME=Disabled

Data Scramble=Disabled,
SME-MK=Disabled,
DF Cstates=Disabled

Clear caches before every run, numa_balancing 1, randomize_va_space 2, nmi_watchdog O,
transparent_hugepage(enabled) always

OMP_PLACES=threads KMP_AFFINITY=com-

pact,granularity=fine

Table 2: AMD system configuration

INTEL SYSTEM CONFIGURATION

CPUs1
Frequency: Base | Boost3
Cores
L3 Cache
Memory
Network Interface Card
Storage: OS | Data
BIOS and Settings

0S Settings

OpenMP Settings

2 x Intel Xeon Platinum 8380
2.30 GHz | 3.40 GHz

40 cores per socket (80 cores per node)
60 MB
512GB (16x) Dual Rank DDR4-3200 32GB DIMMs, 1DPC
2 x NetXtreme BCM5720 Gigabit Ethernet PCle
1x 447GiB (480GB) SATA |8 x 1.4TiB (1.6TB) NVMe

Version 1.6.5, Logical Processor=Disabled, NPS=1, Prefetchers=Enabled, C States=Enabled,
Determinism=Performance, Turbo Boost=Enabled

Clear caches before every run, numa_balancing 1, randomize_va_space 2, nmi_watchdog 0,
transparent_hugepage(enabled) always

KMP_AFFINITY=compact,granularity=fine

Table 3: Intel system configuration
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SOFTWARE
Workload Black-Scholes
Compiler ICC20221.0
OpenMP Versions 4.5, 5.1 (Subset supported on ICC)
0S Ubuntu® 22.04

Table 4: Software

SINGLE-NODE PERFORMANCE

Figure 2 shows a single dual-socket node system powered by 96-core 4th Gen AMD EPYC 9654 processors that support DDR5
memory and more memory channels compared to prior-generation AMD EPYC processors delivering a ~2.17x performance uplift
compared to a single dual-socket node system powered by 64-core 3rd Gen AMD EPYC 7763 processors running Black-Scholes.

Black-Scholes Single-Node Performance
AMD EPYC™ 9654 Processor Normalized to AMD EPYC™ 7763
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Figure 2: AMD EPYC 9654 Black-Scholes generational performance uplift normalized to the AMD EPYC 7763.
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Figures 3 and 4 show 4th Gen AMD EPYC 9654 and AMD EPYC 9554 processors performing exceptionally well running the Black-
Scholes model normalized to the Intel Xeon Platinum 8380 processor, respectively.

Black-Scholes Single-NodePerformance
AMD EPYC™ 9654 Processor Normalized to Intel® Xeon®
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Figure 3: AMD EPYC 9654 Black-Scholes generational performance uplift normalized to the Intel Xeon Platinum 8380

Black-Scholes Single-Node Performance
AMD EPYC™ 9554 Processor Normalized to Intel® Xeon®
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Figure 4: AMD EPYC 9554 Black-Scholes generational performance uplift normalized to the Intel Xeon Platinum 8380
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REFERENCES

1. AMD Infinity Guard features vary by EPYC™ Processor generations. Infinity Guard security features must be enabled by server OEMs and/or Cloud
Service Providers to operate. Check with your OEM or provider to confirm support of these features. Learn more about Infinity Guard at https://
www.amd.com/en/technologies/infinity-guard. GD-183

2. For a complete list of world records see http://amd.com/worldrecords. EPYC-22

AUTHORS

Abhimanyu Shah and Milind Damle contributed to this Performance Brief.

RELATED LINKS

e Black-Scholes Model*
e AMD EPYC™ Processors
e AMD EPYC Technical Briefs

*Links to third party sites are provided for convenience and unless explicitly stated, AMD is not responsible for the contents of such linked sites and no
endorsement is implied.

AMD EPYC 9004 FOR “ZEN 4” CORE & SECURITY SCALE OUT AND SCALE UP THE BLACK-SCHOLES
FINANCIAL SERVICES FEATURES I o MODEL

Scaling is critical to financial
4th Gen AMD EPYC CPUs is Support for up to: services applications. AMD EPYC Black-Scholes is a mathematical

expected to deliver excellent per-

core performann:e2 by taking
advantage of fast CPU frequencies,

* 96 physical cores, 192 threads
* 384 MB of L3 cache per CPU
* 32 MB of L3 cache per CCD

7003 Series Processors provide high
bandwidth between nodes with
support for PCle Gen 5 enabled
network devices and accelerators.

model of the dynamics of a financial
market that contains derivative
investment instruments. This
model provides a theoretical

low latency memory, and a unified
cache structure. The financial
services industry can use AMD EPYC
processors to propel innovations
and insights with ground-breaking
high-performance computing and
robust security features to deliver
excellent results.

estimate of the price of European-
style options while factoring in risk
and expected return.

* 6 TB of DDR5-4800 memory

*128 1P, up to 160 2P
2PCle® Cen 5 lanes

Infinity Guard security features’

« Secure Boot
« Encrypted memory with SME

DISCLAIMERS

The information contained herein is for informational purposes only and is subject to change without notice. While every precaution has been
taken in the preparation of this document, it may contain technical inaccuracies, omissions and typographical errors, and AMD is under no
obligation to update or otherwise correct this information. Advanced Micro Devices, Inc. makes no representations or warranties with respect
to the accuracy or completeness of the contents of this document, and assumes no liability of any kind, including the implied warranties of
noninfringement, merchantability or fitness for purposes, with respect to the operation or use of AMD hardware, software or other products
described herein. No license, including implied or arising by estoppel, to any intellectual proper ty rights is granted by this document. Terms
and limitations applicable to the purchase or use of AMD’s products are as set forth in a signed agreement between the parties orin AMD’s
Standard Terms and Conditions of Sale.

COPYRIGHT NOTICE

©2022 Advanced Micro Devices, Inc. All rights reserved. AMD, the AMD Arrow logo, EPYC, and combinations thereof are trademarks of
Advanced Micro Devices, Inc. Ubuntu is a registered trademark of Canonical, Ltd. PCle is a registered trademark of PCI-SIG Corporation. Other
product names used in this publication are for identification purposes only and may be trademarks of their respective companies.
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