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THE ENVIRONMENT

MACHINE BUILDING GROUP

1600 EMPLOYEES

14 COUNTRIES

33 LOCATIONS 

4 DIMENSIONAL GROWTH 



MOTIVATION

• Three dimensional storage 
growth

• VDI workload exceeded 
predicted treshholds

• New Perspectives on PCI, 
NVMe and AMD



SOFTWARE DEFINED JOURNEY

• … – VM-Ware 

• 2015 – Nexenta Stor
DIY Hyperconverged

• 2016 – Nexenta Stor & VEEAM 
Hyperconverged Backup

• 2020 – Installed Base
8 Cluster 1.750 TiB

• 2020 …

• 2020 …

• 2021 …



SOME 

THOUGHTS



DEVELOPMENT & CONSIDERATIONS

• AMD & Intel 

• NVMe cost development

• Speed PCI ~ memory

• Hardware vs. Software 
development

• Software defined strategies

• Virtualization

• Containerization

• Hyper convergence



BUS TECHNOLOGY

Parallel Serial

Media Attachment EDI, ATA, ATAPI 2,1 MB/s – 133 MB/s SATA 3 Gb/s – 12 Gb/s

SCSI SCSI1 – Ultra 320 5 MB/s – 320 MB/s SAS 3 Gb/s – 12 Gb/s

Fibre Channel 1 Gb/s – 16 Gb/s (32 Gb/s)

Peripherals Centronics, IEEE 1284 2 MB/s USB 1 – USB 3.2/4 1 MB/s – 20 Gb/s

PCI Bus PCI 1.0 …. 4 MB/s – 63 GB/s … PCI Express 16L: 63 GB/s

Memory SDR – DDR5 (pro Modul) 0,5 GB/s – 67,4 GB/s Not serialized

Network Star LAN/Ethernet 1 Mb/s – 100  Gb/s (400)

Shared Memory Net Extended Crossbar 
e.g. V-Class

- 16 GB/s Infiniband 1L: 2,5 Gb/s – 50 Gb/s 

Serialization Tendency



PCI (EXPRESS) & MEMORY BUSSES

PCI Express Lanes Encode Throughput Memory Bus Bus Clock Rate* Throughput

PCI-E 1.0 2 Lanes 8b/10b O,5 GB/s DDR-200 100 MHz 1,6 GB/s

PCI-E 1.0 16 Lanes 8b/10b 4 GB/s DDR-400 200 MHz 3,2 GB/s

PCI-E 2.0 2 Lanes 8b/10b 1 GB/s DDR2-400 200 MHz 3,2 GB/s

PCI-E 2.0 16 Lanes 8b/10b 8 GB/s DDR2-1066 266,6 MHz 8,5 GB/s

PCI-E 3.0 2 Lanes 128b/130b < 2 GB/s DDR3-800 400 MHz 6,4 GB/s

PCI-E 3.0 16 Lanes 128b/130b < 16 GB/s DDR3-2133 1066,6 MHz 17,1 GB/s

PCI-E 4.0 2 Lanes 128b/130b < 4 GB/s DDR4-1600 800 MHz 12,8 GB/s

PCI-E 4.0 16 Lanes 128b/130b < 32 GB/s DDR4-3200 1600 MHz 25,6 GB/s

PCI-E 5.0 2 Lanes 128b/130b < 8 GB/s

PCI-E 5.0 16 Lanes 128b/130b < 64 GB/s

PCI-E 6.0 (plan) 16 Lanes 128b/130b 126 GB/s

Market Ready in 3-5 Years!



FLASH CONSIDERATIONS

• NAND Flash: 1980 Toshiba

• NOR Flash: 1984 Intel 

• Delete cycles

• Commercial Storage: ~ 2012

• Single / Multi / Triple level cells

• 3D flash developments

• Defragmentation & Control



NVM E(XPRESS)

• Software interface

• Focus solid state memory

• No protocol translation

• PCI hotswap

• Multipathing

• Completion queue

• 1 interrupt, 2 registers

• access for 65535 IO channels

• namespaces  

• Independent formfactors

https://www.sata-io.org/system/files/member-downloads/NVMe and AHCI_ _long_.pdf
https://www.flashmemorysummit.com/English/Collaterals/Proceedings/2013/20130813_A12_Onufryk.pdf

CPU

PCI Root Complex

NVMe Device

PCI NVMe Controller

Namespace Namespace

NVM Pool

PCI Bus

Memory

Bank 1 Bank …

https://www.sata-io.org/system/files/member-downloads/NVMe%20and%20AHCI_%20_long_.pdf


AMD VERSUS INTEL SPRING 2020 

Examples AMD Intel Core I Intel Xeon 2 Socket Intel Xeon 2 Socket

CPU Type AMD EPYC 7502P I9-9900KS PLATINUM 8280M GOLD 6114

Frequency 2500 MHz 4000 MHz 2700 MHz 3500 MHz

Cache L3 128 MB 16 MB 38,5 MB < 50 MB

Cache Coherency Single TLB Single TLB INTEP CCP INTEL CCP

Memory Type DDR4-3200 DDR4-2666 DDR4-2933 DDR4-2666

Memory Buses 8 2 12 12

Mem. Throughput 204,8 GB/s 41,6 GB/s 282 GB/s 256 GB/s

PCI Type PCIE-4 PCIE-3 PCIE-3 PCIE-3

PCI Lanes 128 16 96 96

PCI Througput 252 GB/s 15,75 GB/s 95 GB/s 95 GB/s

NVMe Devices 32 4 24 24

NVMe SLC Capacity 60,8 TB 7,6 TB 45,6 TB 45,6 TB



carrier

REFERENCE DESIGN

Reason enough to test

DELL and HPE evaluation

• AMD EPIC 7502P

• 40GB network

• 512 GB

• BOSS boot or. SmartArray

• 12 x 1.6 TB M2 NVMe SLC 
(2 x 6 ZRaid 2) 

• Maximum # PCI lanes

• PCI 4.0 implementation test 

• NUMA criteria
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PRACTICAL 

EXPERIENCE



• Feasible installation 
experience 

• > 200.000 IOps

• 12 times 4 lane PCI 4 
NVMe devices ~ 96 GBs 

• Deduplication & 
Compression

EXPECTATION



CASES

Bare Metal Hyperconverged

Debian – HPE DL325

FreeNAS – DELL R7525

TrueNAS Core – DELL R7525

ESXi 6.7 – DELL R7525

Open E – DELL R7525
ESXi 6.7 – HPE DL325

TrueNAS Core

Debian

TrueNAS Core

Debian

Open-E



VMWARE ESX 6.7 & TRUE NAS = HCI

1.

2.

3.



QUICK TEST VMWARE

Datastore Baremetal True NAS Synology Guest HCI True NAS Guest

Bonnie ++ 32 GB 82 MB/s w - 87 MB/s r w: 192 MB/s – r: 563 MB/s

fio default 10GB, 1 job w: 11 MB/s 2,8k IOps w: 336 MB/s 92k IOps

fio default 10GB, 4 jobs w: 997 MB/s 255k IOps w: 10 MB/s 1k IOps w: 517 MB/s 132k IOps

fio default 10GB, 16 jobs w: 1248 MB/s 319k IOps

## fio --rw=write --name=test --size=10G --filename=file1 --direct=1 --numjobs=4

• Test IOs amazing with ~ 320k Iops
• 1.2 GBs is “somehow” ok
• ~ 3GBs have been reached with Windows copy jobs and 4k blocksize format

• Where are the GBs ? 



BARE METAL REFERENCE

HPE DL 325 Gen 10 +

• Peaks at ~ 43GBs (Debian)
with immense tuning efforts 

• Only ESXi, Windows and Linux 

• PCI 3 limitations, Intel lane handling 

• Smart Array issues

DELL R7525

• Reliable > 52 GBs 
off the shelf without tuning

• ~ 430.000 IOps

• BOSS installation 

• Easy deployments
Debian, VMWare, TrueNAS, Open-E

• Real PCI 4 and clean lane layout



SDS OPTIONS

Vendor Product Scope AMD Tested

VMWare vSAN Hyperconverged with fixed media ratio Yes Successful

Cisco Hyperflex Hyperconverged with fixed media ratio No No

Nexenta NexentaStor Discontinued after Version 5.3 No Unsuccessful

Tintri Intelliflash # undef No

Linux Vanilla Open questions about features and setups Yes Successful

HPE VSA Discontinued, not scalable - No

HPE Simplivity Hyperconverged with fixed media ratio – DL325 flaws Yes No

Nutanix AOS Hyperconverged with fixed media ratio – DL325 flaws On HPE No

NetApp Ontap Edge # undef No Unsuccessful

Datacore SAN Symphony Complicated to install and handle No (?) No

Falconstor Storguard # undef – traditional install Yes No

TrueNAS Core & Enterprise Full Featured Yes Successful

Open-E Jovian DSS Full Featured Yes Successful



GOING LIVE

Virtual Comissioning Application 
Platform

• Hyperconverged Setup

• ESXi 6.7 & virtualized TrueNAS

• Benefits from IO 

• Keeps data local 

• No bandwidth needs

VDI Booster

• Bare metal setup 

• TrueNAS Core 

• Delivers IOps and bandwidth

• Millions fragmented accesses from 
Xen Clusters distribute well



WRAP UP



THE JOURNEY CONTINUES

• … – VM-Ware 

• 2015 – Nexenta Stor
DIY Hyperconverged

• 2016 – Nexenta Stor & VEEAM 
Hyperconverged Backup

• 2020 – Installed Base
8 Cluster 1.750 TiB

• 2020 – TrueNAS Core All Flash
POC & Production

• 2020 – TrueNAS & VMWare 
Flash HCI Application POC 

• 2021 - TrueNAS & VMWare 
Flash HCI Application Cluster



KEY TAKEAWAYS

SOFTWARE DEFINED ALL FLASH

VENDOR SYSTEM DESIGN

PCI 4

DIY HYPERCONVERGED

AMD

PRICE

PERFORMANCE
NVMe

OS Customization

CPU oriented configuration 



THANK YOU

WE ARE HIRING 

HTTPS://WWW.HAHN.GROUP/JOBS/



www.hahn.group

Follow us: 


