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This document includes general information about Pure Storage architecture as it compares to 
SolidFire. Not intended to be exhaustive, it covers architectural elements where the solutions 
differ and impact overall suitability for the needs of the Next Generation Data Center (NGDC). 
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Overview
Pure Storage offers all-flash, controller based storage solutions with 
scale-up, rather than scale-out architecture. Scale-up architecture, 
being the traditional model for block storage, is a model enterprises 
are familiar with for adding capacity without necessarily increasing 
performance as the capacity is added. 

Pure Storage solutions, based on this very traditional design 
employed for block, use storage controllers in an active/passive 
failover configuration, opting for consistency of performance in 
the event of a failure rather than maximum performance in normal 
operating mode. With the intent of being fast to market, Pure’s all-flash 
solutions were developed with a focus on latency performance 
and fitting into the existing paradigm of block storage deployment. 
Pure solutions are fast, deliver very low latency times, but without 
a method to control the performance, they are best suited as a high 
performance dedicated (rather than mixed workload) solution.

Like SolidFire, Pure includes both deduplication and compression 
as well as using commodity level SSD, but does have significant 
architectural differences, particularly in the data addressing/
management, scaling and failure handling.

Findings:
As a high performance alternative to traditional block storage 
point solutions, Pure Storage’s solutions offer high performance 
in an implementation familiar to the industry.  The active/passive 
controller-centric architecture provides a familiar look to a block 
storage solution, but is not particularly well suited to enable a  
next generation data center. 

Specifically:
• Agile - SolidFire enables enterprises to cost effectively support specific 

solutions and adapt on the fly to multiple workload environments 
without affecting the performance of existing applications. Likewise, 
SolidFire’s shared-nothing architecture allows for the addition or 
removal of any model of cluster node, 1U at a time, on the fly while 
maintaining application specific QoS (max, min and burst IOPS) 
settings independent of capacity.

Pure solutions offer scale-up of capacity, but only to a point of 250TB 
of usable capacity. Upgrading performance, and even scaling up 
beyond breakpoints, requires the “forklift” upgrading of storage 
controllers. Utilizing RAID, in the event of a disk failure, rebuild times 
are measured in hours or days rather than minutes.

• Scalability - Pure’s solutions follow a traditional controller centric 
solution limiting the current usable capacity of deployments to 250TB 
and 3-tier rather than linear scaling of performance. Pure’s location 
vs. content addressed architecture, in mapping content to a specific 
location on disk, means that expansion and/or movement of data 
are significantly more overhead intensive, negatively affecting the 
performance and manageability at scale.

• Guaranteed - A key requirement of the next generation data 
center is to have an environment based on repeatable, predictable 
performance. Designed to get to the market quickly with an all-flash 
replacement to traditional block storage, Pure solutions offer good 
speed with low latency, but do not have the ability to specify QoS 
for individual volumes, meaning that there is a high probability 
applications and users will experience inconsistent performance in 
multiple parallel workload environments.

SolidFire enables enterprises to specify and guarantee minimum, 
maximum and burst IOPS for individual storage volumes on the fly, 
independently of capacity, eliminating the “noisy neighbor” problem 
in mixed workload environments. 

• Automated - Both SolidFire and PureStorage have REST APIs but only 
SolidFire offers the ability to automate every storage function from the API.

Pure’s dual controllers are deployed in an active/passive 
configuration. At any one time when a controller experiences a failure, 
the deployment defaults to the backup controller. The now active 
controller becomes a single point of failure until the failing controller 
is manually replaced.

With SolidFire, in the unlikely event of a node or multiple node 
failures, SolidFire rebuilds redundant data across remaining nodes 
in minutes restoring complete redundancy while maintaining all 
guaranteed QoS settings. In fact, unlike RAID based systems, SolidFire 
rebuilds after failure, node addition or node removal, happen faster as 
clusters get bigger.
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Figure 2: SolidFire Mixed-Node Scale Out
At any point during or after deployment, nodes can be added, removed or replaced to increase 
capacity and/or performance, without impacting existing workloads. As nodes are added, 
their capacity and IOPS are aggregated into the total provisionable capacity and performance 
available for assignment to any existing or new volumes.

SolidFire vs Pure Storage 
Data Addressing/Management 
Both SolidFire and Pure use a log-structured approach in writing 
to disk enabling more optimal utilization of and performance of 
consumer grade MLC SSD drives. The log-structured approach, or 
reading in of current valid data and new data and writing it to disk 
in a linear fashion, in essence aggregates many small writes into a 
large write, and compared to a fixed block approach, significantly 
simplifies supporting compression and variable block sizes.

One area where Pure and SolidFire architectures differ is that Pure 
relies on layering of metadata for functionality like deduplication, 
snapshots and clones. The architecture begins with a location 
addressing schema, as opposed to SolidFire’s content addressing 
technique, using a logical unit number (LUN) and logical block 
address (LBA) to tag a specific piece of data to a physical location 
in the array. Layered on top of this base key value store, additional 
tables of block checksum values, link values and shared block value 
tables are maintained to compare incoming data against and/or to 
map multiple reference pointers for deduplication, snapshots and 
clones.  

Negative Aspects of Pure’s Location Addressing Architecture
• In the Pure architecture all of the metadata is stored on SSDs and 

partially cached (as opposed to 100% at runtime for SolidFire). The 
net result is an average Pure stated 50% (1.5 to 1) cache miss ratio, 
and thus somewhat inconsistent read performance.

• Any time data is moved within the array (as is frequently done in 
storage systems) the primary data structure must be updated, 
compared to SolidFire’s Content addressing system where the 
content ID does not change and thus there is no need for I/O intensive 
updates.

• Because of the need for tight coupling between multiple layers of 
metadata, Pure’s content addressing architecture, is not well suited 
for global deduplication.

QoS
Pure’s all-flash systems are fast, with consistently low latency. 
However, Pure provides no Quality of Service performance 
provisioning control independent of capacity to ensure applications 
in mixed workload deployments consistently get the IOPS they need. 
Pure does perform well in some point, but customers with large scale 
infrastructure and/or those looking to consolidate tens to hundreds 
of applications onto a single Pure system are likely to encounter 
inconsistent application performance and user experience.

To deliver predictable and guaranteed storage performance, 
SolidFire leverages QoS Performance Virtualization of resources. 
Patented by SolidFire, this technology permits the management of 
storage performance independently from storage capacity. SolidFire 
architecture enables the capability to set minimum, maximum, and 
burst IOPs on a per volume basis. Because performance and capacity 
are managed independently, SolidFire clusters are able to deliver 
predictable storage performance to thousands of applications within 
a shared infrastructure.

Scaling
Pure utilizes scale-up (rather than scale-out) architecture traditionally 
employed for block-based storage system.

SolidFire’s Helix technology enables the scaling out of available IOPS 
as nodes and capacity are added in a very linear fashion without RAID 
penalties whereas Pure Storage is limited by the performance of the 
controller.

Figure 1: SolidFire QoS
SolidFire architecture allows users to set minimum, maximum, and burst IOPS on a  
per volume basis.
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Controllers are deployed in an active/passive pair. Under normal 
operating conditions (i.e. without a controller issue/failure), only one 
of the controllers is active at any time and the second becomes active 
only in the event of a failure or degraded performance of the primary.

Potential positive aspects of Pure scaling model:

• Capacity can be scaled independently of performance.

• Performance is “consistent” (excluding cache miss variations) in the 
event of a controller or disk failure.

• Top end performance of the solution can be achieved at a low entry point.

Potential negative aspects of Pure scaling model:

• There is no load balancing of traffic between controllers.

• Performance upgraded is only possible by upgrading controllers.

• Adding disk shelves does not necessarily increase performance.

High-Availability (HA) Approach
Pure 
Pure’s solutions use a traditional shared controller model. Historically 
with this type of architecture, the redundancy lives with the disk shelf 
in the form of dual ported drives and redundant back planes. Due to 
cost considerations, dual drive ports are not available for solid state 
drives or included in Pure’s design. 

In the event of a Pure disk shelf failure, RAID groups not striped 
across multiple shelves will be lost. Use of RAID for data protection 
exposes Pure to, at best, longer drive rebuild times than SolidFire 
and, at worst, cascading failures.

As mentioned earlier in the I/O pathway comparison, the Pure dual 
controllers are deployed in an active/passive configuration. At any 
one time when a controller experiences a failure, the deployment 
defaults to the backup controller. The now active controller becomes 
a single point of failure until the failing controller is replaced.

SolidFire 
With SolidFire’s RAID-less approach there is no sharing of any 
hardware component in the system. There is redundant connectivity 
between the nodes, and the design is such that anything in the 
cluster can fail - any piece of hardware, any software process, any 
network component - and the system will continue running.

In the event of a node or multiple node failures, SolidFire rebuilds 
redundant data across remaining nodes in minutes restoring 
complete redundancy while maintaining all guaranteed QoS settings. 
In contrast, a disk shelf failure in a RAID-based systems results in a 
rebuild taking hours or days, during which, the systems suffers from 
significant performance degradation.

Figure 3: Pure Scale-Up vs. Scale-Out
In their architecture, performance 
increases are achieved by means of 
a controller upgrade. Pure Storage 
Solutions solutions scale up to a current 
maximum of up to 250TB of usable 
capacity with 200,000 32k IOPs in 18U 
of rack space compared to 270,000 32k 
IOPs (1.35M 4K IOPs) and over 600 TB of 
usable capacity in an SF9010 cluster.

Capacity:
from 10-40 TB

Performance:
100,000 32K IOPS

FA-405 FA-420

The Pure Storage FlashArray 400 Series

FA-450

Capacity:
from 40-125 TB

Performance:
150,000 32K IOPS

Capacity:
from 125-250 TB

Performance:
200,000 32K IOPS
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The Bottom Line
Pure Storage offers all-flash solutions built upon the traditional 
controller centric, RAID based architecture many organizations are 
accustomed to. Pure has done a good job in getting to market early 
with a solution with a full range of functionality users have become 
accustomed to in block solutions and some of the added benefits for 
flash. 

Their solution offers fast performance, scale up storage well suited 
for point solution environments but probably somewhat less than 
optimal in the areas of scale, automation, QoS and agility for NGDC 
type applications including large scale multiple/mixed workload and 
ITaaS deployments.

Efficiency & Data Integrity - Helix vs Raid
Commonly promoted as an advantage by other flash architectures, 
with the shared disk model it is very easy to do some parity-based 
RAID in the system for data protection with significantly less capacity 
overhead. It is important to remember that in the SolidFire design, 
the shared nothing architecture means each node is a fully functional 
unit, removing the overhead (cost, management and footprint) of 
shared controllers.

One of the additional benefits of the SolidFire architecture is that it 
handles disk failures, controller failures, node addition, node removal 
and upgrades with common mesh build processes. When drive fails 
the rebuild process reconstructs the data that was on that drive and 
restores the redundancy in the system. When a controller fails, the 
process is exactly the same, treating the event as if the 10-drives 
in the node have become unavailable. Likewise, when nodes are 
added, the mesh build process automates integration into the 
cluster. Comparing this to a the approach to that of Pure’s shared 
disk system, the model involves hardware replacement to restore 
redundancy, SolidFire automatically restores data redundancy in the 
event of a failure.
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E Figure 5: SolidFire Helix Automated Mesh 

Redundancy
When drive fails the rebuild process 
reconstructs the data that was on that drive 
and restores the redundancy in the system.


