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Audience

This document is intended for a technical audience such as storage administrators who have:
« Admin access to the server's management interface (BMC).
+ Familiarity with the server's management interface.
* Admin OS access.

» Familiarity with the 0S-specific configuration, monitoring, and troubleshooting tools.
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CHAPTER 1: INTRODUCTION

This Tuning Guide is intended for single-socket systems powered by AMD EPYC 8005 Series Processors and equipped with
both the latest BIOS version and multiple PCle® Gen3, PCle Gen4, or PCle Gen 5 NVMe devices that are not mounted as active
directory. For consistency, build the latest FIO as a static binary. PCle Gen5 NVMe drives are preferred because they can
exploit the full PCle Gen5 bandwidth capability offered by AMD EPYC 8005 Series Processors.

1.1- CPU CORES, MEMORY AND 1/0

AMD Socket SP6 processors are currently available in one core topology:

* AMD Socket SP6 Type-A Processors: Up to twelve CCDs with each CCD having two core complexes.

- Each core complex has a single L3 shared with a maximum of eight cores; thus, a Type-A Processor CCD has up to
16 cores.

- Each core consists of a single 1 MB L2 cache.
* 1/0: Up to 96 1/0 lanes of PCle Gen5, with speeds up to 32 Gbps, bifurcation supported down to x1
- Upto8bonus PCle Gen3 lanes - Up to 32 1/0 lanes for SATA
- Smart Data Cache Injection (SDCI)
* Memory: Six-channel DDR5 with ECC up to 6400 MHz
- QOption for 2-, 4-, and 6-channel memory interleaving
- Uptotwo DIMMs/channel capacity of 1,5361 GB (128 GB RDIMMs)

1.2 - NVMe

NVMe is an open logical device interface for accessing nonvolatile storage media attached via a PCle bus. There are a few
PCle Gen 5 NVMe drives on market at the time of this publication, but most NVMe drives are Gen 3 (8 GT/s) and Gen 4 (16
GT/s) speed. Gen 5 (32 GT/s) NVMe drives improve performance due to lower /0 overhead, lower latency, and support for
multiple long command queues. The advantages of NVMe drives are:

» Performance: Reduce latency and increase bandwidth for sequential accesses and number of IOPS processed for
random accesses reaching each drive’s specified rating.

» High Density: Configure multiple NVMe drives behind a PCle switch.

 Speed: Use PCle Gen 3 (8 GT/s), PCle Gen 4 (16 GT/s), or PCle Gen 5 (32 GT/s) NVMe drives.
The following performance metrics are important for NVMe drives:

* Number of IOPS processed: This is usually measured at 4 KB block size

* Throughput in GB/Sec: This is usually measured at larger 8 KB, 64 KB, and 128 KB block sizes
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NVMe must process two types of data by default: one Completion, and one Interrupt per read (I0P) and is done in order.

The typical max write block size for each PCle Write Transaction is 256 B. NVMe reads are PCle write transactions to system
memory. The best PCle Gen 5 NVMe drives available today can process a max of 1800 KIOPS of random reads when in PCle
x4 format. A 16-lane PCle port can have either four x4 NVMe drives or two if the drives use an x8 form factor.

* A high interrupt rate can degrade system performance because each interrupts consuming processing resources.
Conseguently, many system architectures aim to minimize interrupt frequency when optimizing for high performance,
such as achieving low latency or high throughput.

« NVMe transactions are serialized using a queue depth of 128 (which is default in some libraries such as psync). This
limits the effective usage of both the device and the core by idling them as they wait for the other to complete
processing, which causes artificial bottlenecks.

This Tuning Guide helps you address these bottlenecks by discussing the choices and options for NVMe subsystems offered
by 4th Gen AMD EPYC processors and the trade-offs for each of those choices.

1.3 - WORKLOAD OVERVIEW

FIO is a tool used for the synthetic benchmarking of different types of I/0. FIO supports many /0 engines such as sync,
mmap, libaio, posixaio, SG v3, splice, null, network, syslet, guasi, solarisaio, etc., multi-threaded jobs,
bandwidth throttling, and the ability to specify /0 priority. It supports typical workload types such as sequential reads,
sequential writes, random reads, and random writes. Sequential operations measure bandwidth, and random operations
measure represent Input/Output operations Per Second (IOPS). Please see the FIO documentation® for additional
information.

The FIO benchmark measures bandwidth throughput performance in KBps using sequential access and measures random
access I/0 performance in IOPS. Using random reads and writes allows FI0 to defeat the built-in prefetch logic and provide
a more realistic measurement of device latency compared to the advertised maximum throughput in the NVMe device
specification. The pseudo-random LFSR engine is used to generate the uniform random distribution. Random workloads
use a 4 KB block size while sequential workloads use a 128 KB block size. numact1 is optional because FIO already has the
--cpus_allowed parameter to bind the threads to logical cores.

The PCle protocol is another factor that may impact NVMe performance. The number of PCle lanes will limit the maximum
theoretical bandwidth when conducting sequential read and write and is generally consistent with the maximum
bandwidth reported by the vendor in the NVMe drive specification.

The PCle protocol is another factor that may impact NVMe performance. The number of PCle lanes will limit the maximum
theoretical bandwidth when conducting sequential read and write and is generally consistent with the maximum
bandwidth reported by the vendor in the NVMe drive specification.

Table 1-1 shows the maximum theoretical PCle unidirectional bandwidth.
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PCle Transfer Rate Throughput
Version per Lane x4 x8 x16 ‘
3.0 8.0GT/s 3.938GB/s 7.877GB/s 15.754 GB/s
4.0 16.0 GT/s 7.877GB/s 15.754 GB/s 31.508 GB/s
5.0 32.0GT/s 15.754 GB/s 31.508 GB/s 63.015 GB/s

Table 1-1: Maximum theoretical PCle unidirectional bandwidth

This Tuning Guide targets single-socket systems powered by AMD EPYC 8005 Series Processors with the latest BIOS
forwarder. The systems should include one or maore PCle Gen3, PCle Gen4, or PCle Gen5 NVMe devices that are not mounted

as active directory. For consistency, build the latest FIO as static binary. PCle Gen5 NVMe is preferred.
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CHAPTER 2: RESOURCES

2.1- ESSENTIAL READING

From the AMD Technical Information Portal (#tt0s://docs.amd.com)):

» BIOS & Workload Tuning Cuide for AMD EPYC™ 8005 Series Processors

o AMD EPYC™ 8005 Processor Architecture Overview
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CHAPTER 3: PERFORMANCE OPTIMIZATION BEST PRACTICES

AMD EPYC 8005 Series Pracessors include such as AMD Infinity Fabric™ that address the following bottlenecks that arise
while using NVMe drives:

* Number of transactions that must be processed per second.
* Number of interrupts that must be handled per second.
* Inherent transaction serialization waiting when using a queue depth of 1.

These bottlenecks exist for all systems, but the point at which each becomes a bottleneck does vary.

3.1- NUMBERS OF TRANSACTIONS

AMD EPYC processors can typically process multiple concurrent transactions if those transactions are ready for processing.
When using strict PCle ordering, a younger posted write is blocked by the issuance of an older posted write, even when the
younger operation does not have any dependency on the older operation. Strict ordering means that the younger write
cannot be issued until the older write is issued, which means that AMD EPYC processors cannot be used to full advantage.

3.1.1- Suggested Optimization

PCle allows the posted writes to be relaxed ordered. If a younger posted write does not have any dependency on a posted
older write and it is posted to a different location than the older posted write, then the younger posted write can be issued
either ahead of or along with the older posted write. This allows multiple transactions to be processed at any given time.

NVMe transactions include two different posted writes: data and completion transactions. AMD recommends using
multiple NVMe drives instead of relaxing completion transactions relative to previous writes, which may break the producer
consumer model.

3.2 - NUMBER OF INTERRUPTS TO BE HANDLED

4th Gen AMD EPYC processors offer a centralized interrupt and exception handling unit that reduces the routing overhead
and helps scaling, thereby offering significant benefits to handling capabilities at higher core counts. AMD Infinity Fabric
is designed to deliver up to 1.5 million interrupts per second to the handler without impacting performance. Keeping the
number of interrupts below this threshold offers significant performance gains. The following parameters can play an
important role in optimizing interrupt handling.

* NVMe features ID settings
» Higher core count
* Polling mode
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3.2.1- NVMe Feature ID Settings
The device issues an interrupt to indicate that a task has been completed. By default, the NVMe controller issues a
completion for every command processed from the queue.

The NVMe controller can be set to indicate the number of completions that can be combined before issuing a single
completion and resulting interrupt. When doing this, be sure to set a timeout of no less than 100 us in case the completions
fail to combine. This example issues a completion after 10 tasks.

nvme set-feature /dev/nvme0Oni<Disk address> --feature-id 8 -value 522
Note: You must do this for each NV/Me device.

There are some drawbacks of the NVMe feature-ID setting in slower-traffic situations. Forexample, using a queue depth of
1 means the device will not have 10 completions to combine and will wait for a timeout of 100 ms, which lowers
performance. AMD recommends setting the queue depth to at least 16 when using this optimization method.

3.2.2 - Higher Core Count

Increasing the number of processor cores that can process transactions controlled by the number of scheduled jobs or
thread is another recommended optimization for interrupt handling. AMD recommends using four to eight cores per NVMe
drive. Having the cores, memory, and device in the same socket improves performance. Here is an example of assigning the
core, memory, and device to the same socket:

numactl --membind=1--cpunodebind=0-3 --numjobs=1--iodepth=64 -- group_reporting -- runtime=600

3.2.3 - Polling Mode

Some newer NVMe drives support using polling mode, where the kernel driver polls the completion queues instead of
waiting for interrupts to process them. If the device driver supports polling mode, then the NVMe completions can be
poll-based instead of interrupt-based. If supported by the kernel, you can specify continuous, adaptive hybrid, or fixed
time hybrid polling for each queue to provide a balance between latency, throughput, and CPU usage for that queue.
Polling, even hybrid polling, uses slightly more CPU than interrupts. To set the polling mode in the kernel.

echo 1> /sys/block/<nvmedevice>/<queue>/io_poll
To set the different polling parameters:
+ Continuous polling:

echo -1> /sys/block/<nvmedevice>/<queue>/io_poll_delay
« Adaptive hybrid polling:

echo 0 > . /sys/block/<nvmedevice>/<queue>/io_poll_delay
+ Fixed time hybrid polling:

echo <x ns> > /sys/block/<nvmedevice>/<queue>/io_poll_delay
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3.3 - NPS

AMD recommends setting L3 Cache as NUMA to Enabled and NPS=1in BIOS.

AMD EPYC™ 8005 NVMe® TUNING GUIDE READY TO CONNECT?: Visit https://docs.amd.com/



https://docs.amd.com/

AMD\
=PYC

CHAPTER 4: FIO PERFORMANCE BENCHMARK TEST SETUP

This chapter describes the System Under Test (SUT) details, test methodology, and platform configuration used for this
tuning guide. The SUT executes I/0 performance tests against NVMe drives attached to a single-socket system powered
by 84-core (168-thread) AMD 8005 Series Processors. The Linux-based FIO tool with different configurations as used to
execute and analyze these performance tests.

4.1- SUT CONFIGURATIONS

Table 4-1shows the SUT configurations used to test the performance of 8 x4 series NVMe 55Ds.

Operation System Ubuntu 24.04
Node per Socket (NPS) 1
Processors 1x AMD EPYC Engineering
8635P
Cores 84 per CPU
Threads 168 per CPU (when SMT is enabled)

Drive Up to 8x NVMe PCle Gen5

FIO version 3.36

Table 4-1: NIC configuration recormmendations

4.2 - FI0 BENCHMARK INSTALLATION AND TUNING CONSIDERATIONS

Most Linux distributions include a pre-compiled FIO package, meaning that you need not download and compile the
source before testing. However, AMD used the static-build FO version for feature consistency and completeness across
SUTs.

Toinstall inbox pre-compiled FIO (version 3.36) on Ubuntu 24.04 based distributions:
# sudo apt -install fio
To install inbox pre-compiled FIO (version 3.35) on RHELS based distributions:

# sudo dnf install fio
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To statically download and build the latest FIO (version 3.36) on Ubuntu 24.04:

# sudo apt install libaio-dev libbsd-dev di valgrind libtcmalloc-minimal4 libcunitl
libcunitl-dev libgfapiO libiscsi-dev nvme-cli numactl

# git clone https://github.com/axboe/fio # cd fio

# git checkout fio-3.36

# ./configure --build-static --enable-lex # make

# sudo make install

Note: AMD recormmends FIO version 3.76 or higher is recornmended because FIO 3.7 does not support the
—--cpus_allowed parameter.

Note: These tests use the fi0-3.36 FIO tag.

4.2.1- Purging
Purging returns a solid-state device to a state where subsequent writes execute as closely as possible as if the device
had never been used and does not contain any valid data. To perform this task in Linux, install the nvme-c1i package,

which provides the basic nvme command. If the appropriate nvme-c1i package is installed, then you can execute the
following command to securely erase the whole drive. For example, to erase nvmeOn1:

# nvme format /dev/nvmeOnl --ses=1

» The default -—ses=0 option means that no secure erase operation is requested.
» Setting --ses=1 triggers a secure erase mode that erases user data and may replace it with zeros or ones.
» Setting --ses=2 performs a slower but more secure cryptographic user data erase and then deletes the encryption
key.
Here is an example of a drive that has been erased using --ses=1.
# hexdump -n 16 /dev/nvmelnl

0000000 0000 0000 OOOO 0000 0000 0000 0000 0000
0000010

Be sure to precondition the drive after a secure erasure. This is needed because the AMD EPYC data fabric will optimize
consecutive 00h data returns, thereby causing excessive high throughput that is significantly greater than the NVMe
device specification.

4.2.2 - Preconditioning

Devices that are new or in an equivalent state will typically have a period of elevated performance before transitioning to a
stable state that is relative to the real workload performance. A device must be in a “steady state” for accurate
measurements. A steady state is defined by a window that is measured in “rounds” and occurs when test results have
entered and maintained a steady state for at least five rounds. SNIA guidelines specify that a steady state occurs when
there is less than 20% run-to-run variation. Understanding SSD Performance Using the SNIA SSS Performance Test
Specification® explains the importance of SSD preconditioning.
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Preconditioning an NVMe drive ensures it reaches a steady state operating condition, which is essential for obtaining
consistent and representative performance measurements. Precondition NVMe drives in accordance with Version 1.0 of
the Solid State Storage (SSS) Performance Test Specification (PTS) Enterprise®. There are two acceptable types of
preconditioning:

« Workload Dependent Preconditioning (WDPC) runs the same workload being used for testing.

« Workload Independent Preconditioning (WIPC) uses a workload that is unrelated to the test workload. AMD
recommends this method. Write 2x the user capacity using sequential 128 KB blocks.

Here is a sample preconditioning command:

# dd if=/dev/random of=/dev/nvmelin1 bs=128k status=progress

4.2.3 - NVMe Gen 5 Test Strategy

NVMe performance is closely linked to CPU core assignment. In some cases, it is simplest to let the Linux scheduler
determine the optimal core alignment. Memory bandwidth directly influences the maximum IOPS and performance of a
NVMe Gen5 drive. AMD recommends populating all memory channels to achieve maximum bandwidth. Also, physical CPU
cores can process more |OPS than their SMT partners.

The testing described in this Tuning Guide was performed in accordance with “Waorkload Overview".

4.3 - TESTING METHODOLOGY

Testing is performed in accordance with “Workload Overview”.

4.4 - CORE/CCD PINNING VS 0S TASK SCHEDULER

NVMe performance is directly tied to CPU core assignments. The Linux kernel task scheduler determines the best
alignments, but AMD testing rarely sees gains above 5%. Some tests showed a performance decrease of 5% when pinning
toa CCD or CPU cores. You should also consider the relative capabilities of physical cores vs. SMT cores because the physical
cores will be able to process more I0PS than their SMT cores.

4.5 - MEMORY BANDWIDTH

Be aware of memory bandwidth limits are you approach PCle bandwidth limits. AMD recommends populating all memory
channels to obtain maximum memory bandwidth.

4.6 - INTERRUPT COALESCING

Interrupt coalescing canreduce CPU interrupt overhead. Please see Section 5.27.1.6 of the NVM Express® Base Specification®
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4.7 - NUMBER OF CONCURRENT J0BS (NUM]OBS)

The FIO application must be configured to use multiple CPU cores to achieve maximum IOPS on PCle Gen 5 U.2 Samsung
PM1743 NVMe drive.

4.8 - HARDWARE SMT AWARENESS

Pay special attention to SMT and NUMA settings. Each NVMe PCle device is associated to a local NUMA node that can be
revealed after setting NPS=4 and setting ACPI SRAT L3 Cache As NUMA Domain to Enabled in BIOS. Pinning the FIO
process to the wrong core or NUMA node may prevent achieving the maximum I0OPS or bandwidth.

The AMD EPYC Zen 5 CPU cache architecture gives each core access to its own L1and L2 cache. Each Core Complex Die (CCD)
has 8 cores. These 8 cores (and their SMT partners) cores share access to the same L3 Cache.

1stopo is a Linux utility that can shed some light on the CPU core and SMT sibling cores, and on the host system cache
architecture:

Output from Istopo-no-graphics

Machine [(377GE tota
Package L#0
Die L#O
NMUMANode L#0 (P#0 31GE)
L3 L#8 (3Z2MB)
L2 L#3 (1824dKB) + L1ld L#0 (48KE) + L11 L#0 (32KB) + Core L#0
PU L#2 (P#0)

PU L#1 (P#84)

L2 L#1 (1924KB) + L1d L#1 (48KE) + L11i L#1 (32KB) + Core L#1
PU L#2 (P#1)
PU L#3 (P#85)

L2 L#2 (1024KB) + L1d L#2 (4BKEB) + L11 L#2 (3ZKB) + Core L#2
PU L#4 (P#2)
PU L#5 (P#86)

This example shows that Core PO and Core P84 are SMT sibling partners who share the same L3 cache line as Core P#1and
P #85, and so forth.

4.9 - NUMA AWARENESS

The 1scpu command can help you determine the CPU core range of NUMA node 6: 48-55,176-183 since L3 as NUMA is
enabled and each CCD has its own L3. This mapping is not changed even after reverting the BIOS configuration to its
default of NPS1with L3 Cache As NUMA disabled, though it changes the number of NUMA nodes.

Use the local CPU logical core 48 for running the single-core, single-thread test (1C1T). Add the sibling (SMT) thread of CPU
logical core 48 for the single-core, two-thread tests (1C2T). The number of these CPU sibling pairs varies by model. Execute
the following command to determine the sibling of the CPU logical core 48:

# cat /sys/devices/system/cpu/cpu48/topology/thread siblings list
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This command should return 48, 112 for a single processor with 64 cores in total and SMT enabled. In this example, use
the CPU logical core 112 along with the CPU logical core 48 during 1C2T tests.

A synthetic enterprise workload should include different profiles to mirror real-world tasks. As mentioned above, testing
|/0 storage performance consists of both the 1C1T and 1C2T tests, which help you determine the maximum IOPS
capability of a SMT-enabled core.

Test maximum NVMe performance using:
» 128 KB sequential access using 1C1T and 1C2T with 1/0 depths of 32,
» 4 KBrandom access using 1C1T and 1C2T with I/0 depths of 32.

For the 1C2T test, you may choose to execute the following commands together:

numactl --physcpubind 48,176
fio --cpus_allowed 48,176

This mapping depends on the physical PCle slot location of the NVMe device and the AMD EPYC CPU model. It does not
depend on the NPS or L3 Cache As NUMA BIQS settings.

To generically run these tests:
+ Verify that the NVMe device is populated correctly by executing the 1sblk -p command.

* ldentify the PCle bus:device.function triplet for the target NVMe by executing the following command:

<code> “lspci -D | grep </code> NVMe

* ldentify the local NUMA node where the NVMe device physically resides by executing the following command:

lspci -vvv -s <PCIe bus:device.function>

- Similar to Step 3, you may optionally execute the following command to determine the local NUMA node, assuming
0000 as the PCle domain:

# cat /sys/bus/pci/device/0000\:bus\:device.function/numa node

Where: bus:device. function is the PCl triplet obtained from the 1spci command in Step 2.

The value returned is the physical or local NUMA node for the target NVMe.

4.10 - PREFERRED 1/0 AND RELAXED ORDERING

3rd Gen and prior AMD EPYC processors included the Preferred I/0 and Relaxed Ordering settings that helped optimize
network and disk 1/0 performance. 4th and 5t Gen AMD EPYC processors (8004 and 8005 models) include architectural
enhancements that deliver optimal network and disk 1/0 performance by default without the need for either of these
features.

AMD EPYC™ 8005 NVMe® TUNING GUIDE READY TO CONNECT?: Visit https://docs.amd.com/



https://docs.amd.com/

AMD\
=PYC

CHAPTER 5: FIO PERFORMANCE BENCHMARK RESULTS

This chapter presents sample performance data that was collected FIO 3.36 on 8 of the Samsung PM1743 NVMe drives
(density 1.92 TB) with Ubuntu 24.04 The SUT is a single-socket internal 4th Gen AMD EPYC Customer Reference Board
(CRB) with BIOS version Sorano PI1.0.0.9. These charts are for illustrative purposes only; they are not intended to claim or
guarantee any level of performance.

The manufacturer specifications list the bandwidth capability of the sample drives as 12,000 MB/s for 128 KB sequential
reads, and 1500K I0PS for 4KB random reads. This NVMe drive is designed for read intensive workloads; write performance
is not optimized and may vary. The specification lists the sustainable 128KB sequential write bandwidth as 2500 MB/s with
a sustainable 4 KB random write performance of 0.05 million IOPS. However, the peak 4 KB random write performance
may be as high as 110K IOPS.

All 8 drives achieve the linear performance scaling specified by the vendor specification data sheet. The run-to-run variation
is generally small except for the 4 KB random write. This is normal because the NVMe drive must do wear leveling, garbage
collection, and other background jobs due to the intrinsic limitation of the NAND flash chip.

The performance results shown in this chapter are forillustrative purposes only. No claimis being made. Your performance
may vary widely from the results shown.

5.1- AMD EPYC 8005 SERIES PROCESSORS

This section describes the tests and results obtained using the 84-core SUT described in Table 4-1.

5.1.1- Single-Thread Test Results

5.1.1.1 Random Read and Write as Maximum IOPS

The random writes test is very similar to the random reads test, except that the --rw option is changed to randwrite. The
random writes test is expected to have larger variations than random reads test because of the NVMe drive's wear
leveling and garbage collection features. This section uses the example of a single device /dev/nvmeOn1:

This sample command measures IOPS performance using 4 KB random reads (-rw randread) using one NVMe drive. This
example uses /dev/nvme0n1 as the target NVMe drive, and static the binary FIO located in /bench/fio. The test target is
the NVMe vendor maximum Read IOPS for general execution of this workload.

Running the Random Read to Maximum IOPS Test

The Random Read FIO test command is:

./fio --description 'FIO Random ReadMaxIOPS Test' --rw randread --thread --size 100% --
direct 1 --buffered 0 -iodepth 128 --output-format json --invalidate 1 --bs 4096 --ioengine
libaio —--time based --norandommap --random generator=lfsr --cpus allowed policy=split --
exitall --group reporting —-ramp time 10 --runtime 60 -allrandrepeat 0 —-name="nvmeOnl” --

numjobs =8 —filename /dev/nvmeOnl
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/bench/fio/fio-3.36 --description 'FIO Random Read Test' --rw randread -- thread --size
100% —--direct 1 --buffered 0 -iodepth 32 --output-format json -- invalidate 1 --bs 4096 --
ioengine libaio --time based --norandommap —-- random generator=lfsr --

cpus_allowed policy=split --exitall --group reporting -- ramp time 10 --runtime 60 --
allrandrepeat 0 --numjobs=8

-—-name="disk nvmelnl" --filename /dev/nvmelnl \

--name="disk nvme2nl" --filename /dev/nvme2nl

To execute more drives concurrently, add additional -——name="disk nvmeOnl" --numjobs=1 --filename /dev/

nvmeOnl, such as shown here:

./fio —--description 'FIO Random ReadMaxIOPS Test' --rw randread --thread --size 100% --
direct 1 --buffered 0 -iodepth 128 --output-format json --invalidate 1 --bs 4096 --ioengine
libaio --time based --norandommap ---random generator=lfsr --cpus allowed policy=split --
exitall --group reporting --ramp time 10 --runtime 60 --allrandrepeat O

--name="disk nvmeOnl" --numjobs=1 --filename /dev/nvmeOnl \

—--name="disk nvmelnl" --numjobs=1 --filename /dev/nvmelnl ..

These two examples use a numjob of 1. This indicates that the FIO process uses only one thread per drive against which
the FIO is executed. For certain scenarios, ——numjobs=1 can suffice.

However, for newer NVMe targets, entitlement may not be able to be reached with only one CPU thread. You may therefore
need to modify the —numjobs=X to include four to eight CPU threads. The following example uses four CPU threads to
execute:

./fio --description 'FIO Random ReadMaxIOPS Test' --rw randread --thread --size 100% --
direct 1 --buffered 0 --iodepth 128 --output-format json --invalidate 1 --bs 4096 --
ioengine libaio --time based --norandommap --random generator=lfsr --

cpus allowed policy=split --exitall --group reporting --ramp time 10 --runtime 60 --
allrandrepeat O B B

--name="disk nvmeOnl" --numjobs=4 --filename /dev/nvmelOnl

--name="disk nvmelnl" --numjobs=4 --filename /dev/nvmelnl

Specifying the specific CPU/core to which the FIO thread and numjob are pinned is possible by adding the —-cpu-
allowed '0-7' as shown below:

./fio --description 'FIO Random ReadMaxIOPS Test' --rw randread --thread --size 100% --
direct 1 --buffered 0 --iodepth 128 --output-format json --invalidate 1 --bs 4096 --
ioengine libaio —--time based --norandommap —--random generator=lfsr --

cpus_allowed policy=split --exitall --group reporting --ramp time 10 --runtime 60 --
numjobs=8 --allrandrepeat O

--name="disk nvmeOnl" --cpu allowed "0-3" --filename /dev/nvmelOnl

--name="disk nvmelnl" --cpu allowed "4-7" --filename /dev/nvmelnl
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Samsung PM1743 Random 4KB Read (IOPS)
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Figure 5-1: FIO Randorm Read 4 KB - AMD EPYC Engineering Sample 8635F

Samsung PM1743 Random 4KB Read (IOPS)
NVMe Gen5 1.92 TB

25000000
20000000
15000000
W Drive

10000000 IOPS

5000000

1 2 3 4 5 6 7 8

Figure 5-2: FIO Random Read 4 KB - AMD EPYC Engineering Sample 8635P
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Running the Random Write to Maximum IOPS Test

FIO Random Write workloads execute writes to random address on a NVMe endpoint. To accomplish this, simply edit the
-rw randwrite parameter such as shown below. The target for this test is the NVMe vendor maximum write I0PS for
general workloads.

The Random Write FIO test command is:

./fio--description 'FIO Random WriteMaxIOPS Test' --rw randwrite --thread --size 100% --
direct 1 --buffered 0 --iodepth 128 --output-format json --invalidate 1 --bs 4096 --
ioengine libaio --time based --norandommap --
random generator=1fsr --cpus allowed policy=split --exitall --group_ reporting --ramp time
10 --runtime 60 --numjobs=8 --allrandrepeat 0
—--name="disk nvmeOnl" --cpu allowed "0-3" --filename /dev/nvmeOnl
--name="disk nvmelnl" --cpu allowed "4-7" --filename /dev/nvmelnl

/bench/fio/fio-3.30 --description 'FIO Random Write Test' --rw randwrite -- thread --size
100% --direct 1 --buffered 0 --iodepth 128 --output-format json -- invalidate 1 --bs 4k --
ioengine libaio --time based --norandommap -- random generator=lfsr --
cpus_allowed policy=split —--exitall --group reporting -- ramp time 10 --runtime 60 --
numjobs=4 --allrandrepeat 0

--name="disk nvmeOnl" --filename /dev/nvmelOnl

--name="disk nvmelnl" --filename /dev/nvmelnl

Samsung PM1743 Random 4KB Write (IOPS)
NVMe Gen5 1.92 TB

7000000
6000000
5000000
4000000

=@=Drive
3000000 IOPS
2000000
1000000

0 @ ® ® ® ® ® @ ®

Figure 5-3: FIO Random Write 4KB - AMD EPYC Engineering Sample 8635F
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Samsung PM1743 Random 4KB Write (IOPS)
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Slots

Figure 5-4: FIO Random Write 4KB - AMD EPYC Engineering Sample 8635P

Add additional lines for each additional NVMe drive and modify -——cpus_allowed accordingly, similarly to the random
read example.

5.1.1.2 Sequential Read as Maximum Throughput Test
The following sample command measures the maximum throughput using 128 KB sequential reads.

Note: A seguential read normally does not need jodepth as high as 32 but this example uses the same iodepth for
simplicity.

Running the Sequential Read to Maximum NVMe (PCle) Read Throughput Test

The Sequential Read FIO workload is often used to stress/exercise the PCle link. The AMD Socket SP5 platform employs
the PCle Gens specifications. Sequential Read FIO workloads are executed with a block size of 128 K (-- bs 128k) and
are executed with read parameter (--rw read).

Here is an example of maximizing the sequential read. The target for this test is the NVMe vendor's maximum read
throughput for general execution of this workload.

The sequential read FIO test command is:

./fio -—-description 'FIO Sequential ReadMaxKB Test' --rw read --thread --size 100% --direct
1 --buffered 0 --iodepth 128 --output-format Jjson --invalidate 1 --bs 128k --ioengine
libaio —--time based --norandommap --

random generator=1fsr --cpus allowed policy=split --exitall --group reporting --ramp time
10 —-runtime 60 --allrandrepeat O

--name="disk nvmeOnl" --numjobs=1 --filename /dev/nvmeOnl \

--name="disk nvmelnl" --numjobs=1 --filename /dev/nvmelnl ...
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fio —--description 'FIO Sequential Read Test' --rw read --thread --size 100% --direct 1 --
buffered 0 --iodepth 32 --output-format json --invalidate 1 --bs 128k --iocengine libaio --
time based —--norandommap --random generator=lfsr --cpus allowed policy split --exitall --
group_ reporting --ramp time 10 —--runtime 60 --allrandrepeat 0 --numjobs=1
--name="disk nvmelnl" --filename /dev/nvmelnl \
--name="disk nvme2nl" --filename /dev/nvme2nl ..

Samsung PM1743 Sequential 128KB Read
(MB/s) NVMe Gen5 1.92TB
140000000
120000000
100000000
80000000

e=@==Drive
60000000 BW
40000000
20000000

0 @ @ ® ® ® ® ® ®

Figure 5-5: FIO Sequential Read 128KB - AMD EPYC Engineering Sample 8635P
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Figure 5-6: FIO Sequential Read 128KB - AMD EPYC Engineering Sarmple 8635P
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5.1.1.3 Sequential Write as Maximum Throughput Test

The Seguential Write FIO workload is often used to stress/exercise the PCle link. The AMD Socket SP6 platform employs
the PCle Gen5 specifications. Sequential Read FIO workloads are executed with a block size of 128 K (-- bs 128k) and are
executed with read parameter (--rw read). Here is an example of maximizing the sequential read. For general execution of
this workload, the target is the NVMe vendor maximum write throughput.

The sequential write FIO test command is:

./fio —--description 'FIO Sequential Write MaxKB Test' --rw write --thread --size 100% —--
direct 1 --buffered 0 --iodepth 128 --output-format json --invalidate 1 --bs 128k --
ioengine libaio --time based --norandommap --

random generator=1fsr --cpus allowed policy=split --exitall --group reporting --ramp time
10 --runtime 60 --allrandrepeat O

-—-name="disk nvmeOnl" --numjobs=1 --filename /dev/nvmeOnl \

--name="disk nvmelnl" --numjobs=1 --filename /dev/nvmelnl

fio —-—-description 'FIO Sequential Write Test' --rw write -- thread --size 100% --direct 1 -
-buffered 0 --iodepth 32 --output-format json -- invalidate 1 --bs 128k --iocengine libaio -
-time based --norandommap -- random generator=1fsr --cpus allowed policy=split --exitall -
-group reporting -- ramp time 10 --runtime 60 --allrandrepeat 0 —--numjobs=2

-—-name="disk nvmelnl" --filename /dev/nvmelnl \

--name="disk nvme2nl" --filename /dev/nvme2nl

Samsung PM1743 Sequential 128KB Write
(MB/s) NVMe Gen5 1.92TB

30000000

25000000

20000000

15000000 =&—Drive
BW

10000000

5000000

Figure 5-7: FIO Sequential Write 128KB - AMD EPYC Engineering Sarmple 8635P
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Figure 5-8: FI0 Seqguential Write 128KB - AMD EPYC Engineering Sample 8635P
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CHAPTER 6: TESTRESULTS

This section presents tabulated test results obtained using the 84-core SUT described in Table 4-1.

6.1- SCALING RANDOM READ

Slot Random Read Spec Scaling %
1 3,194,519.02 1,500,000.00 212.967935
2 6,446,504.75 3,000,000.00 214.883486
3 9,702,899.90 4,500,000.00 216.019938
4 12,903,810.73 6,000,000.00 215.063512
5 16,050,867.67 7,500,000.00 214.011569
6 18,598,320.84 9,000,000.00 206.64800
7 20,671,968.68 10,500,000.00 196.87589
8 20,718,131.86 12,000,000.00 172.651099
Table 6-1: Scaling random read testing results
6.2 - SCALING RANDOM WRITE
Slot Random Write Spec Scaling%

1 754,092.600 10,000 685.5387273
2 1,507,983.625 220,000 685.4471023
3 2,253,252.779 330,000 682.8038726
4 3,007,693.704 440,000 683.5667509
5 3,759,129.833 550,000 683.4781514
6 4,514,006.110 660,000 683.9403197
7 5,269,120.408 770,000 684.3013516
8 6,020,873.089 880,000 684.1901238

Table 6-2: 5caling random write testing results
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6.3 - SCALING SEQUENTIAL READ
Slot Random Read Spec Scaling %
1 14,565,039.625 12,000,000.00 121.3753302
2 29,127,811.650 24,000,000.00 121.3658819
3 43,674,673.550 36,000,000.00 1213185376
4 58,208,235.075 48,000,000.00 121.2671564
5 72,763,036.450 60,000,000.00 121.2717274
6 87,342,613.475 72,000,000.00 121.3091854
7 101,922,539.100 84,000,000.00 121.3363561
8 116,428,447.775 96,000,000.00 121.2796331

Table 6-3: S5caling seguential read testing results

6.4 - SCALING SEQUENTIAL WRITE

Slot Random Write Spec Scaling%
1 3,007,859.475 2,500,000.00 120.314379
2 6,018,095.525 5,000,000.00 120.361911
3 8,996,637.775 7,500,000.00 119.95517
4 12,024,401.93 10,000,000.00 120.244013
5 15,039,891.23 12,500,000.00 120.31913
6 18,065,971.38 15,000,000.00 120.439809
7 21,080,841.73 17,500,000.00 120.461953
8 24,084,947.39 20,000,000.00 120.424737
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CHAPTER 7: ADDITIONAL INFORMATION

7.1- TRANSACTION ORDERING RULES

Table 7-1 describes the ordering requirement for PCle transactions. The rules defined in this table apply uniformly to all
types of PCle transactions including memory, |/0, configurations, and messages within a single Traffic Class (TC). There is
no ordering requirement among transactions with different TC labels.

This also implies that there is no ordering required between traffic that flows through different Virtual Channels (VCs),
because transactions with the same TC label cannot be mapped to multiple VCs on any PCI Express Link.

The columns represent a first-issued transaction, and the rows represent a subsequently issued transaction. The entry
indicates the ordering relationship between the two transactions. These entries are defined as follows:

 Yes: The second transaction (row) must be allowed to pass the first (column) to avoid deadlock. When blocking
occurs, the second transaction is required to pass the first transaction. Fairness must be comprehended to prevent
starvation.

* Y/N: There are no requirements. The second transaction may optionally either pass the first transaction or be blocked
by it.

* No: The second transaction must not be allowed to pass the first transaction.

Non-Posted Request

Row Pass Column? Post?g:ll;?uest Read Request  NPR with Data Co:l('l:zllest)ion
(Col 3) (L))
Posted Request (Row A) ab)) Y@Iil Yes Yes Z)) \\//Q;l
Non-Posted ReanCE){Ie{Eqi)m%St Tj)) y,\jtlj\, Y/N Y/N Y/N
Request NPR(\évole;)Data ab)) Y,\jil YN VN N
Completion (Row D) Tj)) Y,\j(lj\l Yes Ves ab))\(l\ftl)\l

Table 7-1: Ordering rufe surmmary

The row and column headers of Table 7-1 are:

» A Posted Reguest is either a Memory Write Request or a Message Request.
* A Read Request is either a Configuration Read Request and I/0 Read Request, or a Memory Read Request.

« An NPR (Non-Posted Request) with data is either a Configuration Write Request and I/0 Write Request, or an
Atomic Op Request.

* A Non-Posted Request is either a Read Request or an NPR with Data.
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The entries in Table 7-1 are:

A2a: A Posted Request must not pass another Posted Request unless A2b applies.

A2b: A Posted Request with RO Set is permitted to pass another Posted Request. A Posted Request with IDO Set is
permitted to pass another Posted Request if the two Requester IDs are different or if both Requests contain a
PASID TLP Prefix and the two PASID values are different.

A3, A4: A Posted Request must be able to pass Non-Posted Requests to avoid deadlocks.

A5a: A Posted Request is permitted to pass a Completion but is not required to be able to pass Completions unless
AS5b applies.

A5b: Inside a PCl Express to PCI/PCI-X Bridge whose PCI/PCI-X bus segment is operating in conventional PCI mode,
for transactions traveling in the PCl Express to PCl direction, a Posted Request must be able to pass Completions to
avoid deadlock.

B2a: A Read Request must not pass a Posted Request unless B2b applies.

B2b: A Read Request with IDO Set is permitted to pass a Posted Request if the two Requester IDs are different or if
both Reguests contain a PASID TLP Prefix and the two PASID values are different.

C2a: An NPR with Data must not pass a Posted Request unless C2b applies.

C2b: An NPR with Data and with RO Set31is permitted to pass Posted Requests. An NPR with Data and with IDO Set
is permitted to pass a Posted Request if the two Requester IDs are different or if both Requests contain a PASID
TLP Prefix and the two PASID values are different.

(3, C4: A Non-Posted Request is permitted to pass another Non-Posted Request.
B5, C5: A Non-Posted Request is permitted to pass a Completion.
D2a: Completion must not pass a Posted Request unless D2b applies.

D2b: An I/0 or Configuration Write Completion is permitted to pass a Posted Request. A Completion with RO Set is
permitted to pass a Posted Request. A Completion with IDO Set is permitted to pass a Posted Request if the
Completer ID of the Completion is different from the Requester ID of the Posted Request.

D3, D4: A Completion must be able to pass Non-Posted Requests to avoid deadlocks.
D5a: Completions with different Transaction IDs are permitted to pass each other.

D5b: Completions with the same Transaction ID must not pass each other. This ensures that multiple Completions
associated with a single Memory Read Request remain in ascending address order.

Please see P(/ Express Base Specification Revision 4.0 Version 1.0 (date: September 27, 2017)for additional information.
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1.2 - GLOSSARY

» BIOS: Binary Input/Qutput system

« CCD: Core Complex Die

» CCX: Core Complex

+ CV: Coefficient of Variation

* FIO: Flexible I/0 tester

+ Gen 4: 4th Generation

» Gen 5: 5th Generation

* I0PS: Input/Output operations Per Second
* NVMe: Non-Volatile Memory Express

* QD: Queue Depth

» SoC: System on Chip

» SSD: Solid State Drive

* x4: 4-bit lane width

* xGMI3: GMI links connecting two SP6 sockets

« Zen5: Fifthinstance of AMD's Zen CPU Core, integrated into AMD EPYC 8005 Series Processors
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CHAPTER 8: PROCESSOR IDENTIFICATION

Figure 8-1shows the processor naming convention for AMD EPYC 8005 Series Processors and how to use this convention
to identify particular processors models.

EPYC" 8534PN CPU

PRODUCT FAMILY L. FEATURE MODIFIER
P = 1P only
- N = NEBS (Inenmy
PRODUCT SERIES - S = single thread
- 8000 = Socket SP6 —e GENERATION
4=4 Gen 8004

5=5t Gen 8005
—e PERFORMANCE

10s digit indicates performance within the series

PRODUCT MODEL e

Indicates core count within the series

3,2
100s Digit ' . = .
- relative performance w/in core count
| o I R SRS
Cores ‘ ‘ ‘ Higher number = higher performance

Figure 8-1: AMD EPYC SoC narming convention

8.1- CPUID INSTRUCTION

Software uses the CPUID instruction (FNO000_0001_EAX) to identify the processor and will return the following values:

» Family: 1Ah identifies the “Zen 5" architecture.

* Model: Varies with product. For example, EPYC Model 00h corresponds to an “A” part “Zen 5" CPU.
- 8xx5: Models 10h-1Fh

» Stepping: May be used to further identify minor design changes.

For example, CPUID values for Family, Model, and Stepping (decimal) of 25, 17, 1 correspond to a “B1” part “Zen 5" CPU.
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8.2 - NEW SOFTWARE-VISIBLE FEATURES

AMD EPYC 8005 Series Processors have several features that enhance performance, ISA updates, provide additional
security features, and improve system reliability and availability. Some of the new features include:

* 5-level Paging
* AVX-512 instructions on a 256-byte datapath, including BFLOAT16 and VNNI support.
* Fast Short Rep STOSB and Rep CMPSB

Not all operating systems or hypervisors support all features. Please refer to your QS or hypervisor documentation for
specific releases to identify support for these features.

Please also see the latest version of the AMD64 Architecture Programmer’s Manuals or Processor Programming Reference
(PPR) for AMD Family TAh.

8.2.1- AVX-512

AVX-512 is a set of individual instructions supporting 512-bit register-width data (i.e., single instruction, multiple data
[SIMD]) operations. AMD EPYC 8005 Series Processors implement AVX 512 by “double-pumping” 256-bit-wide registers.
AMD’s AVX-512 design uses the same 256-bit data path that exists throughout the Zen5Zen5 core and enables the two
parts to execute on sequential clock cycles. This means that running AVX-512 instructions on AMD EPYC 8005 Series will
cause neither drops on effective frequencies nor increased power consumption. On the contrary, many workloads run more
energy-efficiently on AVX-512 than on AVX-256P.

Other AVX-512 support includes:

 Vectorized Neural Network Instruction (VNNI) instructions that are used in deep learning models and accelerate
neural network inferences by providing hardware support for convolution operations.

* Brain Floating Point 16-bit (BFLOAT16) numeric format. This format is used in Machine Learning applications that
require high performance but must also conserve memory and bandwidth. BFLOAT16 support doubles the number of
SIMD operands over 32-bit single precision FP, allowing twice the amount of data to be processed using the same
memory bandwidth. BFLOAT16 values mantissa dynamic range at the expense of one radix point.
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