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Notices & Disclaimers

Performance varies by use, configuration and other factors. Learn more at www.Intel.com/PerformanceIndex.

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 technologies may require enabled hardware, software or service activation.

Intel does not control or audit third-party data. You should consult other sources to evaluate accuracy.

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

http://www.intel.com/PerformanceIndex
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Global Industry Trends

FOOTPRINT
Less rack space, 

fewer servers, less to 
manage

POWER/COOLING
Fewer servers reduces

power and cooling costs

CO-LOCATION
Pay per rack

EFFICIENCIES
Improving Cost

Node consolidation is inevitable
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What is the biggest concern about node consolidation?

“how much workload will be affected when a failure occurs”
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Year 1991 1996 1998 2003 2006 2008 2010 2011 2014 2017 2019 Today

Disk Size 40MB 6.4GB 16.8GB 80GB 750GB 1TB 2TB 4TB 10TB 14TB 16TB 32TB

CPU Speed 50Mhz 133Mhz 300Mhz 2.4Ghz 2.67Ghz 3.2Ghz 2.66Ghz 2.67Ghz 4.0Ghz 4.1Ghz 4.7Ghz

CPU Cores 1 1 1 1 2 6 8 10 16 32 64 64

Max DIMM 
size 4MB 128MB 1GB DDR 2GB 

(DDR2)
8GB 

(DDR2)
8GB 

(DDR3)
16GB 

(DDR3)
32GB 

(DDR3)
128GB 

(DDR4)
256GB 
(DDR4)

512GB 
PMEM

1 TB USB drive in 2021

Birth of
enterprise
virtualisation

Wider
virtualization
adoption

Cloud
computing
era

Blast Radius Evolves over 
time
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CPU Core Density –
More VMs per Host

Higher Memory
Capacities at a 

Lower Cost

Improving Storage
Performance and 

Endurance

Software Feature
Innovation

CPU Core Growth
Projection Over 

Time1

Intel® Optane™
Persistent Memory

Intel® Optane™
Solid State Drive

VMware vSphere
High Availability 

(HA)

1 Source for “Compute Demand Accelerating” Intel Market Intelligence Group - DRAM Market Monitor Q1-20" by Yole Development

Technology
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Most common cpu core density is 18-24 cores
VMware license per socket up to 32 cores

Why are customers not optimizing their licensing?
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Cores are many – but memory is expensive

vCPU to Core Ratio 4
vCPU per VM 3
Memory Per VM (GB) 16
Number of CPU per node 2

Per Node (Dual CPU)
Number of Cores 

per CPU Number of vCPU Number of VM RAM Required
18 144 48 768
20 160 53 848 (1024)
24 192 64 1024
28 224 74 1184 (1536)
32 256 85 1360 (1536)

Based on a 32 Node Cluster at 18 Cores per CPU and a total of 1536 VMs

Cores Per CPU
Number of Nodes 

required
RAM Per node 

required
Total RAM Modules 

Per Node
Total Cluster 

DRAM Cost $
18 32 768 16x32GB DRAM $884,224
20 29 1024 32x32GB DRAM $1,602,656
24 24 1024 32x32GB DRAM $1,326,336 
28 21 1536 24x64GB DRAM $1,779,120 
32 19 1536 24x64GB DRAM $1,609,680

Industry standard vNumbers

Prices Correct as of 25th November 2021, Source: HPE
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Intel® Optane™PMEM lowering the cost of memory

Source: 1st October 2021 – Industry Average List Price

List Price of DRAM versus PMEM in €
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DCPMM: Datacenter Persistent Memory (PMEM)

4.2x

4.7x

standard DRAM Intel Optane DCPMM 200 Series
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intel® optane™ technologies extend the value of 
VMware

Consistently
high

performance

reduced
data center

footprint

Efficient
Operations

management

Reduced
memory

costs

$

Meet 
Quality of

service

larger vm
memory
capacity



Tiered Memory.
Data tiering has been done for 
decades with storage, now do it 
with memory.
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Just Like Storage Tiering for VMware vSAN

Higher Endurance SSDs Provide High Performance  & Endurance cache, Lower cost, 
lower endurance SSDs Deliver Large, Affordable Capacity

2 x P5800X Optane SSDs

SAS/SATA/NVMe Capacity Disks

Cache 
Tier

Capacity 
Tier

VM VM VM

vSphere + vSAN

VM

SSDSSD

SSDSSD
SSD

SSDSSD
SSD

SSD

SSDSSD
SSD

SSD
SSDSSD

SSD
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Cache 
Tier

Capacity 
Tier

VM VM VM

VMware vSphere   

DRAM (DDR4)

VM

Intel® Optane™ PMem

Memory

Compute/HCI
vSphere/vSAN

https://kb.vmware.com/s/article/67645

VMware vSphere/vSAN Recommended “HERO” 
Configs
• 1:4 DRAM : Intel® Optane™ Persistent Memory 

Ratio
• 2-socket: 1 TB & 2TB Configs most popular

Size Number of 
Sockets

Intel® Optane™
PMem 200 

Series
DRAM

Configuration 
(DRAM + Intel 

Optane PMem)

M 2 sockets 1 TB 256 GB 8+4

L 2 sockets 2 TB 512 GB 8+8

XL 2 sockets 4 TB 1 TB 8+8

XXL 2 sockets 8 TB 2 TB 8+8

Memory Tiering Configurations

https://kb.vmware.com/s/article/67645
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7.0u3 – What changed?

ESXi 7.0 U3 removed the need for RPQ for configs outside of VMware 
recommended (Hero) Configs, Hero configs are still recommended but 
outside of this……

• DRAM minimum is 12.5% of PMEM Capacity
• VMware highly recommends no less than 25% DRAM to PMEM capacity
• At least 4 PMEM Modules per socket 
• New vMMR tool included as part of hypervisor
• Balanced memory profile BIOS setting

https://kb.vmware.com/s/article/67645

https://kb.vmware.com/s/article/67645
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DRAM Only PMEM 200 Config

DRAM Config Intel Optane 
PMem

DRAM % DRAM to 
PMEM

1TB (32x32GB or 16x64GB)

1TB (8x128GB) + 256GB (16x16GB) 25% Original Hero Config

1TB (8x128GB) + 256GB (8x32GB) 25% Meets Recommended

1TB (8x128GB) + 128GB (8x16GB) 12.5% Meets Minimum

2TB (32x64GB or 16x128GB)

2TB (16x128GB) + 512GB (16x32GB) 25% Original Hero Config

2TB (8x256GB) + 512GB (8x64GB) 25% Meets Recommended

2TB (16x128GB) + 256GB (8x32GB) 12.5% Meets Minimum

2TB (8x256GB) + 256GB (8x32GB) 12.5% Meets Minimum

DRAM to Memory Tiering Guidance – Post 7.0 U3

But what about Single Socket?
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Single Socket Supported with 7.0U3

DRAM Only PMEM 200 Config

DRAM Config Intel Optane 
PMem

DRAM % DRAM to 
PMEM

512GB (16x32GB or 8x64GB)
512GB (4x128GB) + 128GB (4x32GB) 25% Meets Recommended

512GB (4x128GB) + 64GB (4x16GB) 12.5% Meets Minimum

1TB (16x64GB)

1TB (8x128GB) + 256GB (8x32GB) 25% Meets Recommended

1TB (4x256GB) + 256GB (4x64GB) 25% Meets Recommended

1TB (8x128GB) + 128GB (8x16GB) 12.5% Meets Minimum

1TB (4x256GB) + 128GB (4x128GB) 12.5% Meets Minimum
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Consumed memory to Active memory is the key

Based on total Consumed memory to 
Active memory ratio

Above 1:4 is ideal

Consumed / Active
4565.25 / 439.31 = 10.39
>4 = PMEM at 25% DRAM
>8 = PMEM at 12.5% DRAM
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vSphere Memory Monitoring
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vSphere 7.0U3 Memory Monitoring

• Display memory tiering 
characteristics

• Counter for DRAM and 
Intel® Optane™ PMem 

• Alarms

• Memory monitoring panel
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vSphere 7.0U3 Memory Monitoring: Tiering Information

vSphere 7.0U3 indicates that host 
has a tiered memory configuration 
(host summary).

DRAM (Tier 0) and PMem (Tier 1) 
characteristics are displayed on the 
hardware view.
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vSphere Memory Monitoring Alarms
Host memory mode high active DRAM usage

• Applies to hosts configured in 
memory mode.

• Triggered when the active memory of 
all VMs on the host exceeds the 
required DRAM occupancy. 

• Consider migrating some VMs to 
other hosts.

Host alarm is raised if the total VM active 
memory is >90% of the DRAM cache 
memory for the last 5 minutes.
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vSphere Memory Monitoring Alarms
Virtual machine Intel® Optane™ PMem high bandwidth usage

• VM alerts simplify identification 
of VMs with large active memory 
and large Intel Optane PMem 
read activity.

• VMs panel also provides this 
information.

VM alarm triggers if host alarm 
was triggered and VM’s PMem 
bandwidth > DRAM bandwidth 
for last 5 minutes.
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Host Alarm
Virtual machine Intel® Optane™ PMem high bandwidth usage



Intel® Optane™ Group 29

vSphere Memory Monitoring on Performance Overview

~230GB
Active

370GB
Active

23 GB/s DRAM

3.5 GB/s PMem

31GB/s DRAM

6.5 GB/s PMem READ BW ~10% ~15%

VM Migration

<10%
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Using VMs Panel to Identify VMs with Large Active Memory 
and DRAM + Intel® Optane™ PMem Bandwidth

testVM

testVM

testVM

testVM

testVM

testVM

testVM

testVM

New display columns for VMs panel
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Future:
Project Capitola

2019

VMware Tiered Memory: Benefits Today and Tomorrow

2021

Affordably expand 
memory and reduce 

TCO with tiered memory

Memory 
Controller Cache

System 
Memory

“New Normal”: 
Natively monitor tiered 

memory performance in 
real time with vMMR

Prepare for 
software-defined 

memory tiering

Optimized Memory Tier across 
different memory types

Whitepaper Best Practices Guide Announcement BlogvMMR Blog Video/Demo

https://www.intel.com/content/www/us/en/architecture-and-technology/vmware-solutions-with-optane-technology.html
https://www.intel.com/content/www/us/en/architecture-and-technology/vsphere-optane-pmem-best-practices-guide.html
https://blogs.vmware.com/vsphere/2021/10/introducing-project-capitola.html
https://blogs.vmware.com/vsphere/2021/11/persistent-memory-technology-as-the-new-normal-with-vmware-vsphere-memory-monitoring-and-remediation-vmmr.html
https://www.intel.com/content/www/us/en/partner/showcase/vmware/vmworld-21-optane-pmem-mainstream-video.html
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Learn More

Solution Information:
• VMware Solutions with Intel® Optane™

Technology in the data center

• Boost VM Capacity and Lower TCO in 
Memory Mode

More on Technology:
• Intel Optane PMem

• 3rd Gen Intel Xeon Scalable Processors

https://www.intel.com/content/www/us/en/architecture-and-technology/vmware-solutions-with-optane-technology.html
https://www.intel.com/content/www/us/en/architecture-and-technology/boost-memory-capacity-lower-tco-in-data-centers-solution-brief.html
https://www.intel.com/content/www/us/en/architecture-and-technology/optane-dc-persistent-memory.html
https://www.intel.com/content/www/us/en/products/details/processors/xeon/scalable.html




VMware vForum Switzerland 2022 © VMware, Inc. 34

Wir freuen uns auf 
Ihr Feedback!


