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Facebook @ Scale



Disaggregated Flash 
Applications change over time



Disaggregated Flash  
Applications have different needs



NAND Flash Trend
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SSD Capacity = Shared Resource

SSD

DCA B



Noisy Neighbors
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Latency vs. Bandwidth

Image source: pixabay.com



Read Latency Challenge

0
10
20
30
40
50
60
70
80
90

100

80 90 100 110 120 130 140

Pe
rc
en

til
e	

Read	Latency	(us)

100%	Random	4k	Read	Latency	Distribution



0
10
20
30
40
50
60
70
80
90

100

0 500 1000 1500 2000 2500 3000 3500 4000

Pe
rc
en

til
e	

Read	Latency	(us)

90%	Random	4k	Read,	10%	4k	Write	Latency	Distribution

Read Latency Challenge

35x!



Read collisions

▪ Reads will collide with write or 
erase operations

▪ Writes are typically striped 
across many die to optimize BW

▪ For reads, no mechanism to 
target I/O to  specific die

▪ Growing SSD capacities 
exacerbate this problem as 
IOPs/TB remains constant

I/O Determinism Challenge
•SSD sizes growing (e.g., 4TB+ M.2
–Landing more workloads on one SSD)

•For reads, no mechanism to target 
work to particular die

•For writes, to optimize bandwidth, 
typically SSDs stripe across all die

Yahtzee* Effect: Statistical Clumping
When rolling 6 dies with 6 faces, on average 

only 4 of the 6 values will come up

No standard interface has tools today
for read quality of service optimization

*Other names and brands may be claimed as the property of others.

“Yahtzee Effect: Statistical Clumping”  
When rolling 6 dies with 6 faces, on average only 4 
of the 6 values will come up



Hyper-scale SSD Requirements

q QoS-isolated, media-level partitions 

q Simple SSD-to-host interface

q Media agnostic

q Guaranteed deterministic reads during some time periods



Re-negotiating the Data Center Storage 
Contract
1. What if the SSD exposed quality of service isolated regions?

2. What if the host only writes in certain time periods?

3. What if we trade the max error rate for the max read latency?



Quality of Service (QoS) Regions
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NVM Sets

▪ New NVMe feature called:                  
I/O Determinism

▪ SSD is configured as multiple 
NVM Sets (e.g. A, B, C)

▪ NVM Sets are QoS isolated regions

▪ A write to Set A does not impact a read 
to Set B or C

▪ One or more namespaces are 
allocated from an NVM Set



Scheduling I/O

Predictable Latency mode = Two windows of time

1. Deterministic window

▪ Host issues only reads

▪ Drive does no background operations

2. Non-deterministic window

▪ Host can issue writes and TRIMs

▪ Host can issue reads but no latency guarantees

▪ Drive does background operations  

Deterministic Window
Non-

Deterministic 
Window

Deterministic Window
Non-

Deterministic 
Window

Time



Reliable Estimates

▪ Users need reliable estimates of 
when background operations are 
required

▪ Reliable means a sufficiently 
accurate prediction (e.g. +/- 5%, 
but not 50%)

▪ Estimates are # of reads, # of 
writes, and time

OIL SERVICE

miles2000



Building a Solution
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With predictable latency mode, reliable estimates, and a well-behaved 
host, it is possible to achieve excellent 99.99%+ read quality of service!! 
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Read Recovery Level

▪ Data Centers keep multiple copies of data (often erasure coded)

▪ Given the replication, there are tradeoff possibilities

Read Recovery Level
99.99% Read Latency 

@ Queue Depth 1
Unrecoverable Bit 
Error Rate (UBER)

0 – “Fail Fast” 200 us 1e-14

1 400us 1e-16

2 1ms 1e-17

Contract Options: Quality of Service vs. Heroic Error Recovery 



Challenges and solutions

ü“Noisy Neighbor” => QoS isolated regions

ü“Read collisions” => Predictable Latency Mode

ü“Error handling outliers” => Read Recovery Level



Theoretically it should look likeTheoretically – It should look like this

Reads
Writes

Reads
Writes

Theory: Increased read IOPs and tighter QoS profile.

Theoretically – It should look like this

Reads
Writes

Reads
Writes

Theory: Increased read IOPs and tighter QoS profile.
Theory: Increased read IOPs and tighter QoS distribution



Early Results meet Theory

▪ Prototype with 2 NVM Sets

▪ Tested with and without Sets

▪ 4k Random Reads @ QD=8 to Set A

▪ 4k Random Writes @ QD=8 to Set B

Max Completion Latency
(Measured in 100ms intervals)

Traditional Reads

Reads with NVM Sets> 3X improvement in 
max latency and MUCH 
tighter variance



Demonstrating QoS Isolation
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Revisit the read latency challenge 
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Conclusion
▪ Ratified NVMe specification will be available very soon!

▪ NVM Sets, Predictable Latency Mode, and Read 

Recovery Levels can each be implemented separately 

to fit YOUR use cases

▪ See the following booths for more information:

 
Intel® Solid State Drive DC P3100 Series (M.2) 

October 2016 Intel Confidential Product Specification 
335048-001  17 

5.4 Security Features 

5.4.1 Sanitization Methods 

Sanitization refers to a process that renders data inaccessible. Various sanitization methods are listed below:  

Table 13: Supported Format NVM Modes and Definitions 

Secure Erase Mode Definition 

User Data Erase Full NAND erase of user available space and spare area 

Cryptographic Erase Cryptographically erase data by deleting encryption key 

5.5 SMART Attributes 
The following table list the SMART Health Info supported by the Intel SSD DC P3100 Series. 

Table 14: SMART Attributes 

Byte # of 
Bytes Attribute Description 

0 1 

Critical Warning: These bits if set, flag 
various warning sources. 
Bit 0: Available Spare is below Threshold 
Bit 1: Temperature has exceeded Threshold 
Bit 2: Reliability is degraded due to excessive 
media or internal errors 
Bit 3: Media is placed in Read- Only Mode 
Bit 4: Volatile Memory Backup System has 
failed (e.g., enhanced power loss capacitor 
test failure) 
Bits 5-7: Reserved 

Any of the critical warning can be tied to 
asynchronous event notification. 

1 2 
Temperature:   
Overall Device current temperature in 
Kelvin. 

Reports module temperature 

3 1 

Available Spare:  
Contains a normalized percentage (0 to 
100%) of the remaining spare capacity 
available 

Starts from 100 and decrements. 

4 1 Available Spare Threshold Threshold is set to 10%. 

5 1 Percentage Used Estimate  
(Value allowed to exceed 100%) 

A value of 100 indicates that the estimated endurance 
of the device has been consumed, but may not 
indicate a device failure. The value is allowed to 
exceed 100. Percentages greater than 254 shall be 
represented as 255. This value shall be updated once 
per power-on hour (when the controller is not in a 
sleep state). 

32 16 Data Units Read (in LBAs) 

Contains the number of 512 byte data units the host 
has read from the controller; this value does not 
include metadata. This value is reported in thousands 
(i.e., a value of 1 corresponds to 1000 units of 512 
bytes read) and is rounded up. When the LBA size is a 
value other than 512 bytes, the controller shall 
convert the amount of data read to 512 byte units. 

TOSHIBA



Thank You!


