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FDP Use Cases

Cloud-Nat ive Environments: Multi-tenant, containerized workloads 
benefit greatly from FDP’s ability to optimize garbage collection and 
enhance QoS.

Caching Applicat ions: FDP can dramatically improve the efficiency and 
performance of caching solutions like CacheLib, one of the most popular 
hyperscale applications

Mixed Workloads: FDP can improve QoS and performance in mixed 
workloads by separating them.

Write-Intensive Applicat ions: FDP’s ability to reduce the WAF is especially 
beneficial for write-heavy workloads with multiple write streams, 
extending an SSD’s lifespan and ensuring more consistent performance.
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Multiple Namespaces in FDP
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• Reduced “Noisy Neighbor” Effect : In multi-tenant environments, a heavy workload in 
one application can impact the performance of others workloads sharing the same SSD. 
Namespace isolation with FDP minimizes this interference, ensuring consistent 
performance for each application.

• Optimized Garbage Collect ion: FDP optimizes garbage collection within each RUH 
independently. This means that the GC process for one namespace won’t disrupt the 
performance of another, resulting in smoother, more predictable performance overall.

• Simplified Management : Namespaces provide a logical way to group and manage data for 
different applications or tenants. This granular control simplifies administration and 
troubleshooting.

• Performance sharing: While some VMs are idle, others can still get the maximum SSD 
performance



FDP Improves Write Bandwidth

- -4

0

1000

2000

3000

4000

5000

6000

0 5000 10000 15000 20000 25000 30000 35000

Throughput

A_FDP D_non_FDP

Gap caused by WAF, garbage collection

0

0.5

1

1.5

2

2.5

0 5000 10000 15000 20000 25000 30000 35000

WAF

A_FDP D_non_FDP

128k 128k 16k 4k 4k64k 64k 16k

SSD

8 different write threads of different block sizes
Achieve WAF=1, full NAND bandwidth with FDP



Experiment - Multi-Namespace FDP (no SRIOV)

• With FDP enabled, each 
namespace gets its own 
RUH (up to 8 on this drive)

• No software development 
changes required

• Use Proxmox virtual 
environment to create 8 
Ubuntu 22.04 VMs

• Create an LVM per 
namespace and attach to 
VM

• Ansible playbooks and 
scripts here

• https://github.com/jmhands/scripts/tree/main/fdp
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https://github.com/jmhands/scripts/tree/main/fdp


First Experiment – 128k seq write to each VM
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High velocity writes resulted in WAF = 1, even with 8 write streams



Calculate WAF

• Use OCP C0 Log Page for NAND writes
Physical media units written

• Use SMART for host writes
Data Units Written

• Record before and after test, calculate 
the delta

• Much easier when FDP is enabled! Just 
use nvme fdp stats
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~/scripts/fdp# nvme fdp stats /dev/nvme1 -e 1
Host Bytes with Metadata Written (HBMW): 119518772350976
Media Bytes with Metadata Written (MBMW): 119518772350976
Media Bytes Erased (MBE): 110747439267840



Control – no FDP

Test FDP
Write Block 
Size

Read BW 
(MB/s) Read IOPS

Write BW 
(MB/s) Write IOPS

vm1 no 4k 24.13 5892.39 22.67 5533.57
vm2 no 4k 24.12 5887.55 22.65 5530.06
vm3 no 16k 23.52 5741.43 88.28 5388.26
vm4 no 16k 23.45 5724.29 88.19 5382.99
vm5 no 64k 22.14 5405.87 332.67 5076.19
vm6 no 64k 22.07 5388.41 332.24 5069.65
vm7 no 128k 22.32 5448.61 669.88 5110.78
vm8 no 128k 21.79 5319.87 654.84 4996.08
Total 183.53 44808.42 2211.43 42087.57
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• Create a single namespace 
of 7.68TB

• Format with LVM
• Give 940GB virtio drive 

(/dev/vdb) to each host
• Run playbook

Collect SMART
Kick off fio on remove VMs
Ensure it started correctly
Ensure it completed
Collect SMART
Parse output

:~/scripts/fdp# ./waf1.sh
Write Amplification Factor (WAF):
WAF = 1.7417



Setup for FDP enabled

• https://blogs.fadu.io/flexible-data-placement/
• Delete namespaces, enable FDP, check config, create 8 namespaces, attach to controller
• Create LVM on each namespace, assign one to each 
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Node Generic SN Model Namespace Usage Format FW Rev
--------------------- --------------------- -------------------- ----------------- ---------- -------------------------- ---------------- --------
/dev/nvme1n1 /dev/ng1n1 522343E0009710 WUS6A7676PJP8X7 0x1 938.45 GB / 940.00 GB 4 KiB + 0 B RG109W06
/dev/nvme1n2 /dev/ng1n2 522343E0009710 WUS6A7676PJP8X7 0x2 938.45 GB / 940.00 GB 4 KiB + 0 B RG109W06
/dev/nvme1n3 /dev/ng1n3 522343E0009710 WUS6A7676PJP8X7 0x3 938.45 GB / 940.00 GB 4 KiB + 0 B RG109W06
/dev/nvme1n4 /dev/ng1n4 522343E0009710 WUS6A7676PJP8X7 0x4 938.45 GB / 940.00 GB 4 KiB + 0 B RG109W06
/dev/nvme1n5 /dev/ng1n5 522343E0009710 WUS6A7676PJP8X7 0x5 938.45 GB / 940.00 GB 4 KiB + 0 B RG109W06
/dev/nvme1n6 /dev/ng1n6 522343E0009710 WUS6A7676PJP8X7 0x6 938.45 GB / 940.00 GB 4 KiB + 0 B RG109W06
/dev/nvme1n7 /dev/ng1n7 522343E0009710 WUS6A7676PJP8X7 0x7 938.45 GB / 940.00 GB 4 KiB + 0 B RG109W06
/dev/nvme1n8 /dev/ng1n8 522343E0009710 WUS6A7676PJP8X7 0x8 938.45 GB / 940.00 GB 4 KiB + 0 B RG109W06

for i in {1..8}; do nvme delete-ns -n $i /dev/nvme0; done
nvme set-feature /dev/nvme0 -f 0x1d --cdw12=1 -s
sudo nvme fdp config /dev/nvme0 -e 1
for i in {0..7}; do nvme create-ns -S 940G -C 940G -f 0 -n 1 -p $i /dev/nvme0; done
for i in {1..8}; do nvme attach-ns /dev/nvme0 -n $i -c 1; done

https://blogs.fadu.io/flexible-data-placement/


Enable FDP!
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FDP Enabled - Results

• Run same playbook, this time each VM 
has its own namespace, each with 
different RUH

• It works! Reduced WAF to 1
• Background 4k random read 

increased by 182%
• Write bandwidth increased by 150%
• Endurance increased by 170%
• Applications don’t need to FDP aware 

to take advantage
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Test FDP
Write Block 
Size

Read BW 
(MB/s) Read IOPS

Write BW 
(MB/s) Write IOPS

vm1 yes 4k 67.18 16400.81 57.09 13938.97
vm2 yes 4k 67.10 16382.35 56.99 13914.59
vm3 yes 16k 65.64 16026.46 223.83 13661.51
vm4 yes 16k 65.75 16051.52 223.92 13666.82
vm5 yes 64k 63.46 15492.03 848.76 12951.09
vm6 yes 64k 63.50 15502.61 850.73 12981.18
vm7 yes 128k 61.97 15130.10 1634.38 12469.35
vm8 yes 128k 62.05 15149.12 1637.56 12493.56
Total 516.65 126135.00 5533.27 106077.09

~/scripts/fdp# nvme fdp stats /dev/nvme1 -e 1
Host Bytes with Metadata Written (HBMW): 119518772350976
Media Bytes with Metadata Written (MBMW): 119518772350976
Media Bytes Erased (MBE): 110747439267840

WAF=1!!



Creating Future



What is Flexible Data Placement?
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• Improved application performance and 
extended SSD endurance - reduce SSD 
write amplification (WAF)

• Software intelligently places data on SSD 
that is friendly with how flash works (blocks, 
channels, etc.)

• Improved isolation leads to better quality of 
service

• Fully backwards compatible, namespace 
support

• Scale SSD capacity with performance for 
compute workloads

• Lower overprovisioning → higher device 
utilization → lower TCO

• Lower WAF → higher endurance → lower 
TCO



Flexible Data Placement (FDP) Benefits

Enhanced performance: Lower WAF directly translates to faster write speeds.

Increased endurance: Less wear and tear on the NAND flash prolongs an SSD’s 
lifespan.

Reduced overprovisioning: FDP allows for greater utilization of an SSD’s raw 
capacity.

Improved Quality of Service (QoS): FDP’s isolation capabilities ensure 
consistent performance even in multi-tenant environments
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Key Advantages for Enterprises

Seamless Integrat ion: FDP is fully backward compatible, allowing it to work 
with existing applications and infrastructure. Software can be enabled to 
support FDP, tagging directly or indirectly through multiple namespaces.

Scalability: FDP enables enterprises to scale SSD capacity in line with growing 
compute workloads.

Lower TCO: The combined benefits of improved performance, endurance, and 
capacity utilization significantly reduce the total cost of ownership for storage 
infrastructure.
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FDP Customer Use case
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• Developed by Google, Meta, 
SSD vendors

• Multi-tenant, multiple 
namespaces, multiple 
applications, VMs, containers, 
microservices, log structured 
DB, caching

• Presentation at OCP detailing 
customer use cases

https://drive.google.com/file/d/1LJe-w2_fJr9l45sPGI_3wp5sGCCaxH4k/view


FDP Improves Mixed Workload Performance
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