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TruRandom™: Meeting the Demands of
Future Data Centers
The software infrastructure for Big Data and Analytics are often built on high performance databases, enterprise
and custom line-of-business applications. An overwhelming number of these databases are deployed in legacy
hardware where they are forced to work with smaller data sets, spend a significant amount of time fine-tuning
storage and get less done in a typical work day. For instance, Hadoop deployments are designed for batch
processing but storage performance limitations do not allow working on large data sets while real-time analytics
are in process.
This problem is further exasperated by the architectural limitations of storage and compute being coupled
together. By contract, enterprise-wide line-of-business applications typically do not require massive amounts of
storage but need the highest performance in bandwidth, IOPS and low latency that IT can muster. This whitepaper aims to describe a new innovative storage technology that can address both sets of issues in one fast,
efficient and cost-effective solid-state storage solution.
Technology Backgrounder
The principal goal of Smart IOPS’ TruRandom technology is to build a highly scalable, high-performance storage
platform from scratch such that it takes full advantage of the performance characteristics of flash and next-generation nonvolatile memory (NVM1) technologies.
The performance boost and low latency capabilities of TruRandom are achieved by implementing a fully
optimized non-blocking, asynchronous SSD controller architecture (Figure 1).

Figure 1. TruRandom Non-blocking,
Out of order Fabric
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All activities internal to the SSD that take a long time, such as Garbage Collection (GC), internal logging and
metadata table updates are postponed until all Input/Output (I/O) requests have cleared the queues and the
host Operating system (OS) is not waiting for any additional I/O. Rather than waiting for the host OS with a file
handler or buffer, the pattern recognition heuristics built into the logic invoke read or write operations that are
anticipated to be requested next. As a result, the host OS is promptly gets the I/O it needs to execute application
workloads reliably without timing out. More critically, this advanced, ‘always-learning’ algorithm finds idle time in
the most opportune time to complete its internal tasks while increasing the capability to handle more I/O
requests.
TruRandom solves the SSD performance bottleneck by focusing on the heart of problem – the SSD controller.
The quality of the NAND flash certainly has an impact on the overall SSD performance but as NAND flash
becomes a commodity, they exhibit the similar performance levels, though they may be from different vendors.
Hence, the game-changer is the combination of controller technology and firmware developed specifically
around the controller architecture, which take the performance to the next level.

Figure 2. TruRandom processes out of
order packets in parallel in real time.

Storage and networking mediums share one core service component – data shoveling and moving bits from
point A to point B. Inspired by the networking best practices, TruRandom hones in on that commonality and
aims to perfect it. Its architecture fully leverages the NVMe parallelism (Figure 2) by laying out a fabric inside the
controller to move packetized out-of-order data in a non-blocking manner as illustrated in Figure 3 below.

Figure 3. TruRandom packetizes data
blocks to move data to/from flash at
incredible speed

Application Workload
Different workloads present different storage challenges. Large sequential I/O (objects) tends to stress the
storage bandwidth for read and write operations. Small random I/O (blocks) stress the storage response time
(latency). Read operations stress the storage bandwidth while write operations, data placement and latency as
the SSD scrambles to find available blocks to store data.
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Distributed object store and file systems such as Ceph6 are often used for object storage, and sometimes blocks
depending on the particular workload. Common use cases include:
• Block workloads consisting of small, random I/O where block data size range from 1 – 64KB, i.e. databases
such as MySQL, or active VM images.
• Object storage workloads tend to demand large, sequential I/O ranging from 16KB to 4MB in size. This is
commonplace in archived log files and multimedia files such as video files and digital pictures.
Some workloads, reverse of the order above. For instance, there are scenarios where block I/Os are large and
sequential such as in large data store/database replication and conversely, object I/O that is small and random
found in workloads that analyze small, unstructured data.
Data Engine NVMe SSDs powered by TruRandom put performance—a combination of high IOPS and high data
bandwidth—and reduced latency into perspective and highlight their benefits to application workloads,
regardless of I/O characteristics. Nearly all transaction-based applications and databases are impacted by
storage performance and latency. As enterprises move to virtual infrastructure and adopt some form of cloud
architecture to supplement their on premise IT assets, those storage performance concerns become even more
important. Inevitably, in all cases; greater demands are placed on storage infrastructure. The traditional
approach to address these challenges have been over-provisioning of resources by increasing compute and
memory capacity or to add large amounts of high performance storage. This is expensive and in many cases
does not address the root of the problem. Increasingly, enterprises are discovering that a more cost-effective
way to meet today’s performance and latency requirements is to use PCI Express (PCIe) NVMe SSDs. There is no
question that NVMe SSDs improve the overall IT operations. When deployed in some common scenarios, they
offer specific improvements including:
1. Virtualization: In today’s highly virtualized server environments, numerous virtual machines (VMs) need
access to storage concurrently. If each of those application workloads have variable I/O and throughput
requirements, added stress is placed on the virtual host. In order to meet the performance requirements,
enterprise IT compensates with more processing power. However, since much of today’s OS and application
software is licensed per core, adding more cores to ensure adequate performance drives up operating costs
and will not address the root cause.
2. Virtualized servers that use high performance NVMe SSDs offer low latency and high IOPS that reduce the
CPU load and reduce the number of processors required.
3. Docker Containers: OS level virtualization has been around for a long time. The latest reincarnation is called
Docker containers which are self-contained execution environments with their own isolated CPU, memory,
block I/O, and network resources. They differ from VMs in that containers introduce a way to virtualize a single
instance of OS to run multiple workloads. By contrast, VMs provide the means of virtualizing hardware to run
multiple instances of OS. High performance NVMe SSDs are a key enabler to stabilize spawning ne
containers:
a) Unlike VMs, Containers are dynamic and each time a new one is created, it reads a chunk of code from
the master image. As you create more, the master image has to support all the reads. This requires a
consistent SSD read performance for repetitive access of the same master image data.
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b) All write operations to the container are done in real time and dynamic. An added complexity is the
mandatory tracking of each container so that any changes from the master image are recorded. The
collection of these real-time operations necessitate a storage subsystem that is capable of producing
consistent write performance.
c) The I/O behavior of each Docker container can vary significantly. In a heavily populated Docker
environment, this means hundreds or thousands of distinct I/O requests which create a random I/O
blizzard that server virtualization never encounters. The storage infrastructure has to support a
parallel sequence of I/O requests from many, many containers.
4. In-Memory Analytics with Large Data Sets: Few technologies have had as dramatic of impact on IT as inmemory analytics, driven by data requirements and the push to make real-time business decisions. SAP®
HANA3 enjoys high interest as an example of combined OLTP-analytics platforms. Similarly, interest in NoSQL
databases continue to increase as IT looks for lower-cost alternatives to consolidate application platforms. On
the enterprise systems front, the DRAM urban legend has always been “more the better.” Particularly for
in-memory analytics databases such as SAP HANA, ample amount of DRAM has always been the golden rule –
TruRandom is changing this strongly held belief. Admittedly, the current stock of enterprise PCIe NVMe SSDs
cannot come close to the bandwidth that 80Gb/s DRAM channel can produce. Though very fast, large data
sets are often cached in memory in part, and the data that is not cached gets paged in and out of the storage
system.
With TruRandom topping out at 60Gb/s the performance gap and price differential is more than convincing to
make the switch and justify a fresh look at a different option in SAP HANA engineered systems. SAP HANA
servers with Data Engine SSDs use less DRAM and can scale in performance to robustly maintain high application service levels. Moreover, since Data Engine NVMe SSD series range from 2 to 10TB in user capacity, many
large data sets can easily fit on a single SSD, making the entire database available to the host CPU, almost on par
with DRAM performance. The economics of spending a smaller fortune on DRAM alone is reason enough for
enterprise datacenters to consider this very attractive alternative.
PCIe Swim Lanes
Data Engine PCIe NVMe SSD series operate in high power envelopes in order to provide as much bandwidth and
I/O processing power as possible. The Data Engine T2 series offer in excess of 6,800MB/s and 1.7 million Random
Read IOPS4. In actuality, the internal capability of Data Engine T2 are greater however, these are highest performance figures achievable under the PCIe Gen 3 x8. It is also noteworthy that the current stock of high performance enterprise NVMe SSDs are far behind the performance figures stated for Smart IOPS’ Data Engine NVMe
SSDs. The current PCI Express SSD swim lanes2 are split into categories:

1

Swim Lane

Power Envelope

Form Factor

Value &
Mainstream

≤8.25-12W

1. M.2 (8.25W)
2. 2.5” U.2 (7mm z-height)

High
Performance

≥25W

1. High Capacity M.2
2. 2.5” U.2 (15mm z-height)
3. Add-in Card (HHHL1 )

Half Height Half Length
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A select number of hyperscale datacenters have defined a specification with distinct parameters for NVMe SSDs.
In particular, the Open Compute Project (OCP5) specifies the value/mainstream swim lane (table above) and a
majority of SSD vendors have opted to go after the low power envelope segment. The sub-12W PCIe NVMe
performance far exceeds today’s SATA SSDs which are deployed in large datacenters and therefore, the focus is
to maintain or lower cost rather than add much performance.
While this strategy is reasonable for some who run a handful of applications (hyperscale datacenters), a typical
enterprise datacenter might host many hundreds (if not thousands) of applications and therefore, continue to
demand as much performance as NVMe SSDs can muster.
Application Workload
With the significant performance improvements that Smart IOPS’ TruRandom offers over the existing enterprise
NVMe SSD in the marketplace, customers are able to reduce their hardware footprint, increase number of VMs
per host and improve overall system efficiency. These improvements provide savings in CapEx and OpEx which
include reduced software licensing fees and related maintenance contracts, physical datacenter real estate,
cooling and energy use. Smart IOPS’ Data Engine SSDs—powered by TruRandom—bring the highest degree of
power and efficiency at the lowest $/IOPS to the enterprise datacenter. Data Engine NVMe SSDs are a potent and
efficient solution that shortens time to value and drives unmatched infrastructure ROI while offering a powerful
platform for next generation cloud and enterprise applications.
Data Engine NVMe SSDs deliver an unprecedented price-to-performance improvement versus the competing
enterprise NVMe SSDs. A wide array of enterprise and hyperscale application workloads can take immediate
advantage of this improvement to deliver over 1.7 million IOPS, 6,800 MB/s disk throughput—all the while
sustaining ultra-low latencies. This sets a new industry record for the highest performance with the least amount
of hardware.
The Smart IOPS’ TruRandom technology heralds a new age for big data analysis for large datasets by making
them fast, efficient and cost-effective. Leveraging TruRandom-based SSDs, datacenters can enable applications
that best leverage information resources to make data-driven business decisions.
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