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1.1 EXECUTIVE SUMMARY
The inherent, fundamental advantages of tape are its low acquisition cost, extremely low power
consumption and cooling requirements, excellent footprint, scalability and of course, reliability. Other
attributes that can be significant are tape’s offline data protection and portability. Tape’s future is
driven by the needs of multiple markets and use cases for these attributes. In short, tape is best for
applications that do not require fast access, so basically the opposite end of the spectrum of flash
applications.
Tape’s role in data protection has shifted to become the disaster recovery tier; a key technology used by
Cloud Service Providers for backup as well as long-term backups kept for compliance and archive
purposes. Tape has significant cost advantages over purpose-built backup appliances for data that
cannot be de-duplicated very well, such as data that is compressed (e.g., video), or data that is
encrypted.
There are multiple, very large, high growth archive markets for tape. Tape’s fundamental attributes
(low acquisition cost, extremely low power consumption and cooling requirements, excellent footprint,
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and scalability and reliability) make it ideal for long-term preservation of data. The archive markets
discussed in this report include HPC/Scientific, Cloud, Media & Entertainment, Healthcare, Video
Surveillance, File Archiving for Traditional IT, and Oil & Gas/Seismic. While these markets have very
different applications that create and access the data, they all present very large scale, high growth
storage requirements where tape provides a huge advantage over any other technology today or the
foreseeable future. Solutions for these markets typically involve tiered storage that includes flash, disk,
and tape, but the large amounts of storage for each of these markets makes tape the ideal medium.
While much is written about the other end of the spectrum where high IOPs and cost per IOP is king and
flash adoption is growing rapidly and displacing disk, the archive market segments identified above
present some of the largest and fastest growing markets for any storage technology. Tape is well
positioned for each and for the future.

1.2

MARKET TRENDS

1.2.1 Green Data Center
All systems (e.g., electrical, computing, etc.) in Green Data Centers are designed for optimal energy
efficiency and minimal environmental impact. Factors driving the development of Green Data Centers
include both environmental, such as growing environmental consciousness among the general public
and corporations, and economical, such as the extremely high power and cooling costs of traditional IT
architectures at large scale.
Tape is the greenest storage technology available for large amounts of inactive data. Its removable
media consumes no power while not in use. Automated digital libraries consume very little power yet
provide access to vast amounts of data. Tape’s footprint is also reduced, minimizing the square footage
required. NCAR-Wyoming Supercomputing Center (NWSC), which incorporates tape for its archive
storage media as part of its architecture [2], has won an award for Green Data Centers [1].
1.2.2 Cold Data Storage
Cold Data Storage is ultra-low-cost storage for data that is very rarely (if ever) accessed. As such, access
time is not as important. For example, data held for purely legal compliance reasons falls into this
category. Given the focus on cost and the de-emphasis of access time, both on-site tape and cloud
archive tiers are excellent solutions for Cold Data Storage. Google’s Nearline and Microsoft Azure are
two prominent cloud offerings targeting Cold Data Storage. Storiant has quoted IDC as believing “…cold
storage in the future will be an integrated strategy incorporating tape and cloud.” and that IDC
estimates capacity optimized storage (vs. performance optimized storage) at about 60 EB in 2015 [3].
1.2.3 Data Explosion
The digital data explosion that commenced with the advent of computing has shown no signs of slowing
down. There are multiple drivers of this continued high growth, including conversion from analog
storage to digital storage (as seen in industries like media and entertainment, video surveillance,
consumer photography, healthcare, etc.), the high growth rate in consumer-generated digital content
(which is driving huge growth in cloud storage), data generated from the internet, and others. Another
© 2015 Information Storage Industry Consortium – All Rights Reserved
Reproduction Without Permission is Prohibited

International Magnetic Tape Storage Roadmap
December 2015

6

major factor is the need to keep digital data longer, which is sometimes driven by legal compliance
requirements but also is driven by the value in the older data, for example for analytics. These factors
and others will be discussed in this section.
1.2.4 Big Data/Analytics
Big Data is a relatively recent term to describe the onslaught of digital data that can be used to help a
business run more efficiently or to identify new opportunities. The applications of Big Data appear
limitless; for example, the rapid adoption of smart phones with integrated map programs and location
services has enabled one company to move beyond recommending routes to work in Chicago based
only on traffic patterns. The city of Chicago decided to post its Big Data publicly with the idea that
application developers can use it to offer new services to improve the quality of life for its residents.
One such application has mined this data to track snow removal patterns. This new app can now tell
Chicago residents the best way to travel during the city’s infamous snow storms [4][5].
Another public entity, the city of New York, used its Big Data in a completely different way. Analyzing
fires against a variety of factors, New York was able to identify and predict the most likely buildings to
have a fire incident and began deploying its inspectors accordingly [6].
While these examples demonstrate the use and value of Big Data and analytics, there still is data storage
underlying and supporting these efforts, of which tape can play a role. The role of tape for these use
cases is explored in 1.7.1.
1.2.5 Video Content
Video content is certainly one of the exploding digital storage markets, or perhaps more correctly,
several of the exploding storage markets. Among the video markets that are growing rapidly, the media
and entertainment industry is experiencing growth driven by higher resolution (e.g., the move from HD
to 4K and higher), as well as long-term archives that present content on demand to consumers. Movie
producers are using more cameras and archiving the content for both editing purposes as well as
potential use in other productions.
The advent of 3-D technology fosters more storage requirements, and future plans include customerselected point of view, which requires that the content from multiple cameras can be accessible, and
360 degree video takes this even further. The movie industry moved from a few TB per movie to 1 PB
with Avatar. In the foreseeable future, one movie could require 1 EB of storage.
The consumer market has moved from analog film to digital recording, including not just cameras, but
also smart phones. The ready access of a smart phone has meant that many more moments can and are
being captured by consumers. While this is being stored on phones and backed up to home devices,
many customers are also posting the content online and also in the cloud.
Video surveillance is another huge, rapidly growing market. The industry is just reaching the point
where digital cameras are becoming more popular than analog cameras. This enables a more secure
system as the video stream is captured off-site rather than in a camera that could be destroyed (e.g., by
© 2015 Information Storage Industry Consortium – All Rights Reserved
Reproduction Without Permission is Prohibited

International Magnetic Tape Storage Roadmap
December 2015

7

fire or by theft). The trends in the media and entertainment industry also apply here – higher resolution
and longer archival requirements. Video surveillance is expected to reach 5 EB by 2017 and is growing
at over 20% per year [7].
1.2.6 Cloud
Cloud includes Software as a Service (SaaS), Platform as a Service (PaaS), and Infrastructure as a Service
(IaaS). For digital storage, and specifically tape, the first two of these represent large pools of storage at
centralized locations, for which tape is ideal as a long-term data protection and archive tier, which is
hidden from the user; they interact with the cloud without any interaction with the underlying data
protection and archive scheme incorporated by the cloud provider.
The third (i.e., IaaS) includes storage as a service. Some vendors are offering both performance storage
(which is typically flash and/or disk), and archive storage. Tape is ideal for cloud archive storage since
the service level agreements typically specify response time in hours, and tape’s low CAPEX cost and
extremely low OPEX costs make it more affordable. As an example, one major Cloud provider has
provided a very detailed, forward-looking analysis [8].
1.2.7 Longer Retention Times
Data Retention can be a controversial topic. The Data Retention and Investigatory Powers Act in the
United Kingdom, and the European Union Directive 2006/24/EC both talk about retention of certain
communications data. Privacy of data has been a big concern in the United States, with laws changing
around retention of cell phone metadata. However controversial, the trend in most industries is to
store data for longer periods of time, and this continues to be one of the key drivers for customers to
use tape products.
Different industries have different requirements on how long they need to retain data, and companies
within different industries have internal policies. In the health care industry there have been mandates
and new legal requirements established towards ever longer retention times (e.g., keeping records and
images past the life of the patient, or keeping records from birth to a period beyond a patient’s life).
In other industries there have been more trends towards analytics of business data. In order to gain a
competitive advantage, businesses are reviewing historical trends. However, business data might only
be kept for three years. Use of tape allows for storing data for a longer period of time, giving better
accuracy and longer-term views on trends.
Another change in retention times is for litigation reasons, especially in the United States. Some
companies have had policies of managed deletion of data. As the amount of data proliferates, it is
increasingly difficult to enforce the managed deletion, or to have data categorized for automatic
deletion. In some cases, legal reasons require companies to keep data for longer periods of time until
legal deliberations complete. For these particular use cases, storing data on tape is a cost effective way
to keep the data. In addition, storing the data in a standardized format such as LTFS allows for
interchange with other companies, freeing up labor within companies involved.
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Longer retention times also drive the need to consider the types of data retained as expenses rise. In
addition to the content of data being stored, the format of the data is changing. More and more data
being created is in an unstructured format. This provides additional challenges for adding metadata and
sorting through what should be retained and what can be deleted. It also means that storage
administrators need to rely more on data users to classify their data and manage their space. Providing
an archive space for users to dump data onto tape provides a reasonable method for handling
unstructured data retention, and several companies have provided services to their employees for
archive, ranging from a simple "J:" drive on Windows or an additional mount point on Unix, to more
sophisticated portals for pushing or pulling data in archives.
The challenge to every IT professional is managing expectations of data. Retention of all data has
become the de-facto standard. There is a realistic expectation that to control costs in an ever expanding
data resource environment, access time will be slower, and ease of management and lowest possible
cost should be prime considerations in archive solutions.

1.3

TECHNOLOGY TRENDS

1.3.1 Competing Technologies
There are several technologies pursuing backup, archive and low-cost storage use cases. There have
been many claims of a product or technology being the "tape-killer". So far, none have succeeded.
Although Flash technology or solution providers have not claimed to take over the tape space, there
have been some uses for archiving data on flash. Use of flash technology provides faster access to
archive data for purposes such as analytics. However, the cost of flash now and for the foreseeable
future precludes flash as low-cost storage for a massive amount of data. Also, flash suppliers are
focusing more on performance and the high-end disk market than on backup, archive or being the
lowest cost storage device. However, flash will continue to be a complementary storage technology for
tape for the foreseeable future. Because of the high performance and fast response times of flash, it is a
complementary technology to tape for “FLAPE” (Flash & Tape) solutions (e.g., analytics solutions with
large data pools).
Optical suppliers have worked to try to create resurgence in the industry for warm or cold archives. One
social media company in particular has pushed optical technologies and pushed the optical industry to
provide a new roadmap for the IT industry. In order for optical technology to be a viable solution for IT
companies, the optical industry will need to survive without the commercial market. CD and DVD
volumes continue to decline, and Blu-ray volumes have not ramped up to where DVDs have been in the
past. For optical to become a backup or archive solution for the industry, much greater adoption of the
technology by the IT industry needs to happen to bring down costs. A recent blog entry explores a cost
comparison of optical and tape [9]. In addition, software vendors such as NetBackup no longer support
optical with their current releases. There is a big software layer adoption required to make optical more
of a viable solution for customers. For this INSIC outlook, optical is seen as a niche market in the storage
industry and likely to remain that way.
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The disk suppliers in the storage industry have been releasing creative solutions aimed at backup,
archive, and long-term retention. New capabilities such as Shingled Magnetic Recording (SMR) have
been introduced into the market to handle use cases normally solved by tape. New versions of disk
drives aimed at cloud suppliers archiving data have been produced. In general these types of disk come
with shorter warranty periods, and it is expected that software will tolerate hardware failures and
manage multiple copies of data or protect data via erasure codes. Both facilitate lower acquisition
costs, but create higher TCO (Total Cost of Ownership). There has been adoption in the consumer space
for SMR, as well as archive disk being sold into clouds, but the general IT industry is still working to
overcome the implications of changes to traditional HDD behavior.
With SMR technology there are new latencies and different behaviors that have to be accommodated.
SMR technology was designed with 3 versions: host managed, host aware and drive managed. Host
managed requires a new software stack above the disk drive that understands SMR and can take
advantage of it. Host aware means that the software stack is aware of the SMR characteristics and
tolerates it. Drive managed SMR disks try to mask the new specific behaviors so that they behave more
like the non-SMR disks, and a new software stack is not necessarily required. In general, the SMR disk
drives bring some of the characteristics of tape to disk drives, requiring software to handle deleted data
differently. The new requirements on software have slowed adoption in the IT industry of higher
capacity disk.
Disk vendors have since released versions of disks that behave the same as past products, but contain
helium inside the product in order to package more hardware in the same amount of space. This does
allow an increase in capacity in the same amount of space in a rack, frame, or server, but also increases
the cost of the technology.
Recently there have been concepts to revive MAID (Massive Array of Independent Disks) as a method to
lower the cost of storing data on disk. An example is the work done by Microsoft Research on a project
called Pelican. These types of activities also introduce new behaviors for disk, such as latency to data,
making them more like tape and suitable for large files or streaming applications such as video. The new
designs hope to resolve issues found with past MAID products at a reasonable cost. More time and
research is needed to make a determination.
As can be seen in the Technology section of this INSIC roadmap, the outlook for capacity growth and
resulting $/TB of storage technologies indicates that tape products have a clear path forward, while disk
products have some fundamental barriers to overcome. This will result in tape continuing to be the lowcost provider, either for traditional-behaving disk, or for disk with new capabilities such as SMR or
MAID-like technology. These types of disk can fill a certain market, but will not become the general IT
solution for backup, archive or long-term retention.
1.3.2 Tiered Storage with LTFS
The Linear Tape File System (LTFS) was introduced in 2010 as an open format for data on tape. The
format enables a self-describing tape with an index that is human readable. The index format not only
describes the position of data on tape but it also describes the file system format of each of the files on
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the tape. LTFS introduced to great fanfare, winning a technical Emmy Award™. Highly publicized to the
Media and Entertainment market, LTFS quickly proved that the format was solid, interchangeable and
the easiest way to use tape.
Since 2010 LTFS has been integrated into higher-level products from multiple vendors. M&E Media
Access Managers (MAM) flew off the shelf from 2012 to 2014 with over 20 vendors developing
enterprise-class data retention with LTFS. From 2013 thru the date of this publication, scale-out nearline tiered storage products that leverage LTFS have been released and integrated into large-scale data
solutions. LTFS solutions are leading the industry in Software Defined Storage infrastructures.
LTFS is not just for movies any more. The enterprise, large-scale data solutions from companies such as
CrossRoads, Fuji Film, Hewlett Packard Enterprise, IBM, Oracle, Quantum, and SpectraLogic are offering
customers advanced solutions that not only reduce storage costs, but also seamlessly integrate LTFS
tape into unstructured data workflows. Cloud, Analytic, Mobile and Social platforms have been
traditionally based on spinning technology; as a result the race to store data at the lowest possible cost
is being hampered by power and cooling requirements, even in open compute environments. In 2013 it
was estimated that 2% of all the energy produced in the United States was consumed by Social media,
with the bulk of that being storage.
In these scenarios 80-90% of the data is in a cold state with much of that being in a “deep freeze” state,
never to be touched. Storage professionals must manage the retention of data; “defensible deletion” is
often not a good enough option. Information lifecycle management certainly is not new, but in the rush
to meet the exploding data growth, IT admins have been distracted by the emergency. LTFS is providing
a method of changing the face of data infrastructures. Automated tiering managed through policies is
now fully in the vision of the IT storage crowd. Reducing data in the primary repository (i.e., tier 0 and
1) enable more than storage savings; they enable backup and recovery for Big Data environments.
Here’s how it works: The LTFS-enabled solutions previously described enable an unstructured file system
with traditional interfaces or object interfaces. Data is managed by policies that scan the file system or
data subsets looking for files or entire datasets that meet the criteria for being moved. Once identified,
the policy takes the action to move the data from tier 0 or 1 down to a lower tier (see Figure 1). Simply,
as data value decreases (untouched data has value as an asset but at a lowest cost), the cost to store
that data must decrease significantly. Since less data resides on spinning technologies, whether it be
fewer copies of data or no copies at all on disk, the backup and recovery software now needs to manage
less data, improving RTO and RPO times.
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Figure 1 – Data Tiering with LTFS

Managing the expectation of end users is the storage professional’s biggest challenge. LTFS can be part
of an overall solution that sets expectations on retrieval time as well as expectations on cost of storing
data.
LTFS enables the ILM capability so well because the format is transportable and easily integrated with
file system-based solutions. The metadata index on LTFS-formatted media can be read and parsed into
large-scale file systems without ever touching the data on tape; no external database, no format
changes - just an XML parsing and “symbolic link” creation in the file system.
Over 25% of enterprises are implementing tiered storage in 2015. We expect LTFS solutions to be a key
player in reducing storage costs. In many cases, ILM infrastructure deployments with LTFS tape will be
funding the high-performance data requirements. Every cent saved per GB per month can be reinvested in flash technologies. Data flowing directly from flash in the tiered infrastructure (Flash to Tape
tiering, or “FLAPE”) enables use of high IOPs storage and couples it with low cost storage, providing
great value in an overall solution.
1.3.3 Deduplication
Deduplication continues to be an interesting technology in the storage marketplace. Although growth
has slowed, the deduplication market is continuing to grow. Dedupe has entrenched itself into the
backup space, and has started to impact the primary storage market. Deduplication as an additional
form of compression has lowered costs for storing data on random-access technologies like disk and
flash. This trend will help flash push deeper into the current disk space. However, deduplicating disk
has already gone about as far as it can go into the backup space. As customers get larger and larger
datasets, backup windows are getting longer and newer ways to protect data are emerging. This is
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resulting in deduplication being pushed higher into the software stack (e.g., as seen in backup software
from Veritas and IBM Spectrum Protect).
Deduplication in backup along with tape has some interesting points worth mentioning. Many
customers have reduced the amount of tape used in backup for data kept for short-term durations (i.e.,
a few weeks or a few months). Studies show that backup data kept for longer-term durations is
generally migrated to tape solutions, to take advantage of the power savings and the durability of tape.
These tapes are sometimes kept in remote locations as well, to save even more operational expense.
In general, the deduplication market is almost saturated and changes in the market are making it more
ubiquitous in storage, so any new impacts to the tape industry will be minimal.
1.3.4 RAIT
A few companies in the storage industry have looked at adapting disk RAID technologies to tape to
create a Redundant Array of Independent Tapes (RAIT) solution. RAIT provides a way to aggregate
bandwidth across multiple tape drives, increasing throughput. RAIT also requires multiple tapes to be
loaded in parallel for writing and reading data. Because of the extra requirements to handle multiple
tapes in parallel for a single data processing job, RAIT is currently only in certain High Performance
Computing environments. Public examples include Oak Ridge National Lab (ORNL) and the Blue Waters
project at the National Center for Supercomputing Applications at the University of Illinois. ORNL used
2+Parity RAIT and cut redundant tape costs by 50% (they had dual copy tapes before and so used more
tapes); instead of four cartridges to store data, they use three. Note that the High Performance Storage
System (HPSS) implementations of RAIT also use T10 logical block protection.
Progress on RAIT is something that INSIC will continue to monitor to see if it can become more general
purpose to the IT industry or provide more capabilities to a broader audience.
1.3.5 Software-Defined Storage
Software-Defined Storage (SDS) has transitioned from marketing buzz to real products available in the
market. Several companies have now released SDS versions of storage devices, allowing storage
administrators to run software on their choice of hardware. INSIC views this as a good trend for the
tape industry.
As software is virtualized from the hardware, additional changes in behavior and timings must be
tolerated for a robust solution. The changes are required to tolerate different hardware, as well as take
advantage of the different storage technologies. This gives greater capability to handle different
tolerances. In addition, SDS solutions generally handle tiered layers of storage technologies. If there is a
set of storage allocated for high performance, medium performance, and slow performance, then
latency capabilities are ingrained into software, allowing for toleration of current tape solutions. LTFS is
one example of an SDS solution that is being incorporated into other software stacks to enable tape as
part of a larger solution.
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Software Defined Storage also allows more flexibility in host interfaces. One example is the work being
done by multiple companies with OpenStack Swift to enable a cloud/object interface based on LTFS.
Another example is Oracle's announcement of incorporating OpenStack Swift into their HSM software,
or Quantum's StorNext object interfaces, or IBM's Spectrum Scale solution with an object interface, or
Hewlett Packard Enterprise’s Helion Cloud Solutions.
1.3.6 Host Interface
Tape has traditionally followed disk technologies for its interfaces, which is why tape is predominately
attached through FC or SAS interfaces. Both FC and SAS interfaces have robust roadmaps being
followed by the storage industry. Other interfaces such as Infiniband have found their place in niche
markets, but have been more successful with server-to-server connections than server-to-storage
connections.
As cloud and web companies continue to grow, there has been more and more interest in Ethernet
attachment to tape. iSCSI and FCoE have been around for a while in the disk controller market, and
SANs have allowed switching from FC to FCoE to enable different solutions. However, SAN responsibility
and LAN/WAN responsibilities have been split in many companies, and having an independent SAN for
Storage is becoming a larger proportional burden. As a result, a growing trend is Ethernet attachment
to storage. Whether iSCSI and FCoE continue to dominate, or other interfaces such as iWarp or RoCE
take over, is yet to be seen.
1.3.7 Standards
Standards continue to drive adoption of storage technologies. Procurement departments continue to
require multiple sources for storage solutions, and standards allow interchange of data and migration
paths. Standards for tape such as the T10 SCSI work and SNIA LTFS work allow for tape vendors to
interchange, while gracefully sharing SANs or networks with other storage devices. In 2012 LTFS
became a SNIA standard.
SNIA is also looking at bulk data transfer standards, including tape. This is another effort in the industry
related to further standardization of use of tape.

1.4 TAPE’S COST AND ENERGY CONSUMPTION ADVANTAGES
1.4.1 Introduction
With cost as a driving force behind IT investments, tape storage can offer significant cost advantages
compared to long-term storage on disk for many applications. This, coupled with the technical
attributes of long shelf life and extremely high data reliability, makes tape an excellent fit for long-term
data storage.
In this section we review the Total Cost of Ownership (TCO) and energy consumption of tape storage
compared to disk-based storage. We begin with the results of two recently published TCO studies,
followed with a brief review of the results presented in the 2012 Tape Roadmap. Next we discuss the
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factors affecting TCO modeling. We then consider the changes since 2012, and the impact of the
changing underlying technologies to provide some insight into likely future trends.
1.4.2 The Clipper Group‘s July 2015 Archiving TCO study [10]
The Clipper Group’s July 2015 TCO study includes equipment, media, power, floor space and service
costs in comparing tape and disk systems over a nine-year period, during which archived data grows
from 1 PB to more than 52 PBs. This study assumes the system will be enhanced and extended, as
needed, every three years to accommodate the 55% annual growth of data. It also assumes the tape
drives and cartridges and disks purchased during each three-year cycle will be of the latest generation.
For those vendors offering both, systems with both LTO6 and enterprise drives were studied with new
generations applied at the beginning of each three-year cycle. The disk systems start with RAID 6 arrays
of 6 TB or 8 TB SATA or SAS disks, depending on what each vendor offered and which would have the
lowest TCO. Both tape and disk systems are sized on native capacity (i.e., no compression was
assumed). In addition to acquisition cost, floor space and service costs are included in the study.
Results of the study are summarized in Figure 2.

Exhibit 1 — Comparing the Average TCO for Disk and Tape for Archiving
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are about six times as costly as
tape-library-based storage solutions
on a TCO per terabyte stored basis.

$14,000,000

$12,000,000

Energy

$10,000,000

Floor Space

$8,000,000

Equipment,
Maintenance and
Media (if any)

$6,000,000

$4,000,000

Tape's
Energy Cost
is so low that
it is barely
visible.

$2,403,443
$2,000,000

$0

Disk

Tape

Source: The Clipper Group
Figure 2 – Summary of The Clipper Group's findings

Key findings in this study include:
●
●

TCO for the tape system is six times less than the disk system
Energy costs of the disk system are more than 140 times that of the tape system
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●

Energy costs of the disk system are more than 60% of the total cost of the tape system

1.4.3 50-Year TCO Comparison [11]
An IBM study compared the cost of maintaining 1 PB of data for 50 years on tape and disk systems. This
study included equipment, media, power and floor space for the tape library and disk systems. Key
assumptions included:
●
●

Data migration cycle: 10 years for tape; 3 years for disk
Annual decline in $/TB: 28% for tape; 18% for disk

Results are presented in terms of the total cost over each 10 year period, as shown in Table 1.
Table 1 – 50-year TCO comparison

From this analysis, tape begins with nearly a 12 to 1 cost advantage over disk and grows over time. Key
to this growth is the slowing of disk areal density growth referenced by another IBM article.
1.4.4 Results Cited in INSIC 2012 Roadmap
The 2012 Tape Roadmap reviewed The Clipper Group’s 2010 Archiving TCO study [12] as well as
presented an INSIC TCO comparison between tape and disk-based systems [13].
The 2012 INSIC study [13] compared the acquisition and energy costs of a midrange tape library system
to both traditional disk systems and optimized disk systems of similar capacity. The midrange tape
library contained four LTO5 tape drives and LTO5 cartridges for an installed native capacity of 300 TB.
The study assumed 2:1 compression for the tape system. The traditional disk system of similar size
consisted of enterprise-class disks, whereas the optimized disk system consisted of lower cost, typical
SATA disks. IDC street pricing was used and compared on a $/GB basis both with compressed and native
capacities. Key findings included:
●
●
●
●

Acquisition cost of the tape system estimated at eight times less than the traditional disk system
Acquisition cost of the tape system estimated at four times less than capacity optimized disk
Energy cost of the disk system 60 times the energy cost of the tape system
Energy cost of the disk system exceeded the acquisition cost of the tape system

The Clipper Group’s 2010 study [12] was updated in 2013 [14] and provides a better basis for
comparison to their July 2015 study, although it is important to note that the 2015 study did include
solutions using enterprise tape drives, while they were not included in earlier studies. Additionally, the
2010 and 2013 studies focused on blocks of data while the 2015 study focused on files of data. In
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Clipper’s 2013 study, archived data grew at a rate 45% per year and started at 1 PB. The tape system
started with LTO5 drives and tapes, with new drives and tapes installed at the beginning of each
additional three-year cycle. In that study, the disk system consists of RAID 6 arrays of 4TB SATA disks,
which are presumed to double in capacity every three years and are replaced with the latest disks at the
beginning of each three-year cycle. All solutions are sized on native capacity. In addition to acquisition
cost, floor space and service costs are included in the study. Key findings in this study included:
●
●
●

TCO for the tape system is 26 times less than the disk system
Energy costs of the disk system are more than 100 times that of the tape system
Energy costs of the disk system are three times the total cost of the tape system

1.4.5 TCO Modeling Methodology
As with any modeling methodology, the results can vary widely depending on the factors considered in
the model and the underlying assumptions. Primary costs considered in TCO modeling include:
●
●
●
●

Initial cost of storage system and media
Annual floor space expense
Energy expense (primary and secondary, e.g., cooling)
Service and support costs

Important assumptions in cost modeling include:
●
●
●
●
●
●
●
●

Equipment and media life
Data storage life
Data compression
Data redundancy
Equipment discounting over list price
Data growth rates
Data migration strategies
System bandwidth

In comparing tape and disk systems it is important to make realistic assumptions, many of which are
different for the two systems. For example, disks have a much higher failure rate than tapes so this
must be accounted for in differing redundancy levels. Also, disk systems tend to last significantly shorter
than tape systems, leading to higher replacement costs. And with both systems, a data migration
strategy must be considered. Several of these factors are discussed in more detail in the Clipper Group
Studies.
In addition, financial decisions are usually constrained by capital and expense budgets, which often
dictate whether a more heavily capitalized or expensed system is preferred.

© 2015 Information Storage Industry Consortium – All Rights Reserved
Reproduction Without Permission is Prohibited

17

International Magnetic Tape Storage Roadmap
December 2015

1.4.6 Trends in Storage Costs
The Clipper Group’s 2013 and 2015 studies allow an interesting comparison of how tape and disk system
costs are changing over time. On the surface, the advantage of tape over disk has decreased from 26:1
to 6:1 in this two year period. However different data growth rates and data types were assumed. The
best way to compare these studies is to look at the ratio of the TCO between disk and tape solutions;
this normalizes many of the differences between the two studies.
Table 2 – The Clipper Group studies comparing TCO between Disk and Tape

2013 Study
26

TCO Ratio Disk:Tape

2015 Study
6.2

While the multiplier between disk and tape systems has dropped significantly, it is important to note
that several factors are at play, with the following being the most significant.




The update cycles of tape and disks systems are independent. Depending on when the study
data was gathered, one may have leaped ahead more recently than the other. In the July 2015
study, LTO-6 had been available for several years and LTO-7 was just on the horizon, while many
of the disk solutions had leaped to 8TB drives.
Tape systems in the 2015 study were required to include servers and software capable of
delivering access to files on tape in a library, which was not required in 2013 when blocks were
the focus.

Nonetheless, in the 2015 study disk systems still cost six times that of tape solutions, which represented
many millions of dollars of the nine-year study period. As The Clipper Group’s studies emphasize, it is
not a question of disk or tape but a question of how much of each is needed to deliver a good archiving
solution. Clearly, for infrequently used archive objects (such as files), tape offers significant TCO
advantages.
During this time period, disk drive prices have continued to fall with SATA disks standardizing on the 3.5
inch form factor and lower RPM, as well as taking advantage of shingled magnetic recording (SMR). In
addition, array pricing has become very competitive with large cloud companies buying components
rather than systems. The 50-year TCO study raises concern if this trend is likely to continue, due to the
technical challenges to disk, and the fact that much of the systems-level margin has already been taken
out. The INSIC opinion is “no”.
From the tape side, it seems the library, drive and media unit prices have somewhat leveled over this
time period and possibly are showing a slight increase. This leaves the TCO gains coming from the
increased capacity per cartridge. However, the 50-year TCO study is much more optimistic about future
potential tape areal density gains, so it seems likely that the gap between tape and disk will not narrow
nearly as much in the future, and will actually start to widen.

© 2015 Information Storage Industry Consortium – All Rights Reserved
Reproduction Without Permission is Prohibited

18

International Magnetic Tape Storage Roadmap
December 2015

From an energy consumption standpoint, the disk continues to require vastly greater amounts than
tape. Although the gap narrows as capacity per disk increases, this will continue to be a significant cost
differentiator.
1.4.7 TCO Conclusions
Tape systems continue to cost significantly less than disk systems. Although the gap has been narrowed
over the past five years, The Clipper Group’s July 2015 Archiving TCO study estimated costs over the
next nine years showing disk systems still costing more than six times that of a tape system. In addition,
technology challenges for disk systems will likely slow their rate of cost declines. Energy costs continue
to be a major cost contributor for disk systems and add up to nearly the total cost of an equivalent tape
system.

1.5

THROUGHPUT AND RELIABILITY

1.5.1 Durability of Data
One of the key requirements for Archiving is the preservation of data integrity and durability of the
written data at rest. The integrity is assurance that the host records are correctly written to the media,
despite potential errors occurring anywhere along the data path - including the media itself (e.g., disk or
tape). Durability is defined as the probability that a data object will be intact and available for access
after one year; for instance, 99.999% probability, or five ‘nines’ of durability, meaning that for an archive
of 10,000 objects one might lose one object every ten years or so.
Preservation of data integrity and durability are based on a complex series of CRC checks and balances
along with replication, Error Correction Codes (ECC) (including RAID) to ensure that the data is correctly
written to the media and available with the advertised “durability nines” for the life of the archive. The
“durability nines” and probability of a data loss over a 10-year period for an archived system with three
copies of SATA disk drives vs. two copies of LTO7 tape is estimated based on a Markov model using AFR
(Annualized Failure Rate), BER (Bit Error Rate) and Silent Write failure rates. The results are shown in
Table 3 below.
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Table 3 – Durability and Data Integrity Analysis Results

Units

SATA Disk

LTO7

# of Copies for Archiving

#

3

2

Device Capacity (TB)

TB

6

6

AFR (%) Media based on NERSC publication

%

NA

0.09%1

AFR (%) Drive

%

4.8%2

4%3

1.E-14

1.E-19

0.75%

0.0000075%

BER specified
Probability of BER Failure (%)

%

4,5

Probability of Silent Write Error (%)

%

0.66%

~0%

Archived Data Durability # of Nines

#

4

6

AFR for device failures dominate the HDD based archiving system where even three copies fail to
provide five nines of durability. With tape systems, the removability of a media cartridge from a drive
which has failed still enables the user to recover the data by simply using yet another drive or even a
newer model that has backward read capability. This feature allows the AFR for the actual media
failures to be used instead of the AFR of the drive, which is a bigger number. In NERSC’s report on a
massive data migration process to upgrade old tape cartridges to a newer system, the NERSC team
observed the center’s actual tape data reliability to be less than 0.09% using 40,489 cartridges, where
they could not recover data from only 35 of these. Even from the 35 failed cartridges, they were only
unable to read data from 178 meters of the 22,065,763 total meters of tape, resulting in an astonishing
0.00009 percent failure. The findings flew in the face of conventional wisdom: 99.9991 percent of tapes
were 100 percent readable, representing a 0.0009 percent error rate. (In our analysis we actually used
the full failed cartridges instead of partial reads, which resulted in an AFR of 0.09%)
Another feature of tape is the superior end-to-end data integrity, compared to HDD-based systems in
archival applications. Disks are prone to silent write errors such as bit rot, torn writes, or misdirected
writes, unless a full verification is implemented (which is a very costly process that basically results in a
50% reduction of the overall transfer rate). A paper presented at USENIX by Andrew Krioukov [15]
describes this problem and addresses a set of complex CRC checks and mirroring to be able to identify

1

The Tape AFR was based on the report by National Energy Research Scientific Computing Center NERSC;
https://www.nersc.gov/assets/pubs_presos/AAA-Case-Study-NERSC-FINAL2-6-12.pdf
AFR estimates were based on the study done by University of Illinois under a grant by NetApp corp. and a
presentation at USENIX; https://www.usenix.org/legacy/events/fast08/tech/jiang.html
3
The LTO drive AFR numbers are from internal study using LTO5 and LTO6 drives shipped by QTM as part of Library
installations
4
The Silent Write Error information is based on the study done by University of Wisconsin-Madison under a grant
by NetApp and a USENIX presentation; https://www.usenix.org/conference/fast-08/analysis-data-corruptionstorage-stack
5
Parity Lost and Parity Regained , study done by University of Wisconsin-Madison under a grant from NetApp;
https://www.usenix.org/legacy/events/fast08/tech/krioukov.html
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issues later on when the data is requested to be read back. However, unless a full verify is done, the
silent errors will be stored forever on the disk for the duration of the archiving until it’s detected.
Tape has built-in verification in its hardware architecture that implements a read-while-writing process
that checks written data as it is put on the tape. The end-to-end data integrity is implemented by CRCprotected Host records, and by the tape drive doing a read-while-write verification of the actual written
data, using a combination of CRC checks and two-layer ECC protection based on spatial interleaving.
These result in less than one Silent Write Error in 1030 bits transferred. Table 4 shows the comparison of
tape vs. disk-based archiving data integrity and durability performance.
Table 4 – Comparison of HDD and LTO7 for Archiving

Disk / Tape Capacity
Number of Copies
End to End Data Integrity with No Silent Write Errors
Data Durability in # of NINES
Estimated Data Loss in bytes over 10 years with 1PB Archive

SATA HDD
6 TB
3
Requires Full Verify
4
1.1 TB

LTO7 Tape
6 TB
2
YES
6
7.4GB

1.5.2 Data Rate
From an architectural point of view there are two major differences between tape and disk systems that
result in substantial differences in transfer rates: multi-channel recoding and multi-bump head
technologies. Both of these features play a key role in achieving very high transfer rates with tape
systems. In Archiving applications, the verification process is one of the key requirements to ensure
data integrity. Multi-bump tape heads enable tape systems to read the just-written data, performing
on-the-fly verification without compromising the transfer rate. However, with disk systems, the host
must request a full read process, resulting in a reduction of the transfer rate. Checksums used in the
disk system can only inform the user that the data read is not valid; they don’t prevent invalid data from
being written to the disk. Read-after-write verification is the only way to prevent bad data from being
stored on the disk. With tape systems, this is done in real time without any impact to the transfer rates;
disk systems require a second pass at the time data is written to verify that data, which results in a
performance degradation.
Multi-channel head technology is another enabler of faster transfer rates in tape drives. Disk drives use
a single active channel. Figure 3 shows the road map for transfer rate growth for both tape and disk
systems. CAGR for tape is 22% and 10% for HDD [16].
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Figure 3 – Tape vs. HDD Transfer Rate

Unlike disk drives, most current tape systems use single cartridges rather than spreading data over
multiple cartridges, such as in a RAIT system. Future tape applications can also benefit from erasure
code-based RAIT type data spreading technologies to further shorten the archiving time. This concept
potentially can lessen the need for replication while reducing the overall archiving times, improving data
reliability, robustness to lost cartridges and more efficient overheads. There is already some usage
example of parity-based RAID system using tape (RAIT), such as Google backing up Gmail along with
exabytes of data. In this application, Google used five LTO6 tapes with a 4 data plus 1 parity policy [17].
Table 5 shows projected data rates of Google’s RAIT technology compared to current copy-based
method and a potential Erasure Code concept applied to the capacities in 2025.
Table 5 – Projected Archiving Times

Projected Archiving Times study in 2025 per roadmap
Single Tape
Google RAIT
Tape Capacity
248 TB
Tape Transfer Rate (per tape drive)
2435 MB/s
Number of Copies
2
None
Parity Policy
None
4 data + Parity
Overhead
Number of cartridges can be lost or damaged with data still
be recovered
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100%

25%

None
8 data +
2 parity
20%

1

1

2
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Time archive 248 TB data

Projected Archiving Times study in 2025 per roadmap
Single Tape
Google RAIT
28 hrs.
7 hrs.

EC Tape
3.5 hrs.

The results in this simple “what-if?” study show that tape-based archiving applications have much
upside potential over the next 10 years as new back up applications come into play. With RAIT or EC
tape configurations, back up applications have new challenges to deal with, such as management of
multiple tapes to recover a file or object, and access to multiple drives; however as new technologies
are adopted, the advantage of tape in terms of low power, low TCO and high durability makes it a
strategic archiving platform.
1.5.3 Media Wear
Tape wear is a complex function of media magnetic and tribological properties, environmental
conditions, and the drive usage model by the host application. Studies have used surface roughness,
friction and stability of organic materials, such as binder polymers and lubricants to establish the
magnetic and tribological properties of BaFe media under environmental conditions. Based on studies,
media companies estimate the archive life of the Barium Ferrite tape to be beyond 30 years. However,
the number of passes across the head and the guiding system, along with the usage frequency will
impact this extremely long archival life. Studies by the media companies established 27,500 as the
maximum number of passes for the LTO6 BaFe media [19]. Also, the usage frequency of the media (as
long as one does not exceed the maximum number of passes count) was shown to play a key role in
determining the archival life. It is estimated that performing one full volume data transfer per month
reduces the life of the cartridge down to 25 years [18, 20].
Another variable in the archival life of the BaFe media is the storage environmental conditions. This is
normally based on estimation using the Arrhenius equation, which is a formula for the temperature
dependence of chemical reaction rates. Based on this we can also estimate the archival life of a media if
it was stored in different environmental conditions, including monthly usage method. Figure 4 shows
the archival life for two usage patterns as a function of storage temperature. At 35 degrees C storage
temperature, the media archival life will be in excess of 10 years even when it’s used every month.
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Figure 4 – BaFe Archival Life

However, in order to obtain this remarkable length of life, it is critical that the tape utilization by the
user application software also is considered. This 30-year life period is an archival life time in which the
media is stored and the data is to be retrieved within the 30-year period. However, when a tape
cartridge is kept in a library and used frequently to transfer data to and from the drive, the life will be
de-rated based on the usage profile (e.g., how often the tape is used, the number of passes across the
magnetic head and tape guiding, how well the tape is kept streaming by the host such that repositions
are kept at minimum), and the environmental conditions in which the tape is used.
For instance, the maximum number of passes to end-of-life (EOL) for current LTO6 BaFe media is
determined to be 27,500 passes, which is a key media durability parameter that manufacturers are
responsible for [19]. Tape capacity, number of tracks, number of data channels all play a role in
translating the maximum pass count to a full volume usage. Figure 5 shows what this means for the
user in terms of data size and life. We use total data transferred per cartridge to EOL as a metric to
describe this complex media wear function.
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Figure 5 – Total data transferred per cartridge to End of Life

The chart shows how much data the user can transfer per cartridge over the generations where the data
is guaranteed to last beyond the data migration period (which is currently every six years if the cartridge
is used not more than once per month). The improvements in media durability along with increases in
capacity and number of data channels result in an exponentially increasing amount of data transferred
to EOL, where the life of the data is guaranteed beyond the migration period of six years.

1.6 CHALLENGES FOR TAPE ADOPTION
While tape has long enjoyed an acquisition cost advantage compared to magnetic disk and optical disk,
Mark Peters from ESG in an interview with the INSIC panel stated that “most of the issues with tape
have to do with perception rather than reality. The challenge is really fiction, not function.” One of the
primary perception problems tape has faced is ease of use. Specifically, tape has been perceived as
more difficult to use than disk, requiring special skill sets and more manual intervention.
Tape’s challenges in its ease of use stem from two main factors. The first is a direct result of tape’s
removable media architecture. Tape derives a significant cost advantage to scale its capacity via its
removable media (i.e., the capacity of a tape storage system can be increased by adding cartridges with
media, whereas disk requires additional heads, electronics, power supplies, etc. to scale). However, the
removable media comes at a cost of complexity. When a problem is encountered (e.g., failure on a read
or write), it is not necessarily obvious if the problem relates to bad media or a bad drive, whereas disk’s
lack of removable media results in the more clear identification of a bad FRU (field replaceable unit) that
can be replaced. In the past, this was handled with either reviewing service log files by the vendor
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(covered under warranty or service contract), or manual queries by the user. More recently, tape
vendors have put a significant effort into analytics that report to the customer as well as to the vendor’s
service. This analytics capability typically identifies bad drives or media as well as drives or media that
are starting to perform at a suboptimal level and should be replaced or have diagnostics run on them.
The more recent advances in the area of analytics have made it much simpler for a customer to run a
tape storage system.
The second factor making tape harder to use has to do with its interface to the host computer. Disk
systems present either a block or file interface to the host. Operating systems and application software
are written to support one or both of these interfaces. Tape (as a sequential access system) has
required a different driver and also needs the application to understand that the time to access a file
may be a minute rather than milliseconds. Many applications, having been written for disk, have timeouts that will fail a read from a storage device that doesn’t respond in a few seconds. Tape vendors
have responded to this objection in two ways. One method is to provide a file system on tape (LTFS)
that makes each cartridge appear to an application with a list of files that can be independently
accessed just as they would be if they were on disk. This method makes tape as accessible as thumbdrives. Users can point and click to drag and drop files to and from tape as easy as they move files to
and from disk or flash. This means that many customers who required IT assistance for specialized skills
to use tape in the past no longer need to do so; they can easily use tape themselves now.
Another method to address the accessibility of information on tape is to include tape as a tier behind an
abstraction layer that provides a standard file system image to the applications. The abstraction layer is
configured with policies to migrate the data to/from tape and disk. This migration is hidden from the
applications. To accommodate the delay to read, different techniques are available, including keeping
stub files on the disk tier to cover the gap in time while waiting for the tape to locate to the start of the
file; keeping low resolution versions on disk for imaging applications and the high resolution files on
tape; keeping the most likely data to be retrieved on disk and using the tape tier for the rarely read data;
and keeping one copy on disk and using tape as a data protection storage tier.

1.7

INDUSTRY USE CASES FOR TAPE

1.7.1 Big Data / Analytics
In the market, “Big Data” is characterized by moving applications and data processing closer to the data
being processed. The premise is that with so much data, it’s more efficient to move the work to the
data instead of moving the data to the work. Much of the work involves analyzing existing data to
derive new data or insights that represent business, scientific, or technical value.
But even with a scale-out approach to co-locating the analytics and processing work with the data, with
expansive amounts of data, not all data is active all the time (or need be active all the time). Analytics or
processing work may be batch-oriented, focused on certain projects or sub-areas of data, such that only
relevant data need be online and available for the work. All the remaining data may remain accessible,
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but may tolerate some delay as relevant data is staged in for processing, while other data is staged out
when no longer immediately needed.
Keeping all data immediately available and accessible in a Big Data environment can be cost and spaceprohibitive, especially if only a subset of data at a time is actually used for analytics or processing. As
such, tape finds a good opportunity to participate within this use case. Data that is not immediately
needed for processing can be staged to tape, to free up resources for use by data relevant for the
current analytics. Further, results of analytics and processing can be staged to tape for long-term
storage and retrieval, to avoid having to rerun processing tasks again, or to extend the data within the
overall data set.
Tape can serve as a cost-effective “extended primary” tier for the Big Data/Analytics use case, reserving
the more limited data storage resources for the analytics data “working set” instead. As described in
earlier sections, the lower cost of tape can also allow a larger amount of flash to be used for analytics,
increasing the value of the overall solution.
1.7.2 Archive
Archive is broadly characterized to mean the primary copy of data stored on secondary storage. Data
that has been archived has been moved off of primary storage due to combinations of size, age, and use.
Once archived, access or retrieval may be infrequent from a user perspective. However, recent
examples and solutions may perform periodic background checks on the data to maintain durability and
availability. Tape has been used as an archival medium for many years.
Within the broad characterization, there are varieties of archiving with certain capabilities or features:
●

●

●

Active Archive is distinguished by providing direct access to archived data, without need for
intermediary data staging. This direct access capability is sometimes referred to as being nearline, or online archiving as well. Tape is able to support an active archive use case, especially if
the data is larger and access patterns are more sequential.
Records Retention is distinguished by providing support for defined retention periods and data
immutability. Tape is able to support a records retention use case with capabilities such as
WORM and data encryption native to the devices, as well as exceptional data reliability and
shelf life.
Long-term Backup extends into the archive space where select backups are preserved as archive
copies (e.g., monthly or quarterly backup copies stored separately from operational backups,
including being stored off-site). Here again tape is able to support the long-term backup use
case with highly reliable media and long shelf life.

Because the archive use cases generally involve keeping data for long periods of time in a reliable
fashion, additional capabilities coincident with the archive use cases include the need to support data
migration and provide data integrity.
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Data migration involves preserving data despite the storage medium or devices evolving through
different generations. Data trapped on obsolete technology is at risk of becoming inaccessible over
time, so migrating data to ever newer storage technology may be an eventuality for an archive. To help
prolong the useful life of the storage resources and to ease with eventual migration, tape technologies
support read compatibility two generations back. This greatly extends the accessibility of data within
typical archive retention periods, such that a migration may even be avoided. But even if not, data
migration can be accomplished using device technologies two generations newer than what was used to
initially store the data, allowing an archive to have a sustainable, extensible operational model.
There are two strategies for migrating data though the user can opt for a balance that works best for
them:
●

Minimum migration where the user does as little migration as possible making use of the ability
of tape drives to read two generations back and keeping older technology drives on hand (and
online in the library) to extend that back even further. As long as there is a tape drive available
that can read the user’s older technology tapes, then it is not essential to migrate the data at
that time. This dramatically reduces the amount of data that needs to be migrated and reduces
overheads and manual handling; however, it doesn’t take advantage of the benefits of following
the ‘minimum media’ strategy.

Figure 6 – Minimum Migration Strategy

Figure 6 depicts an example of a minimum migration strategy showing how little data needs to
be migrated because LTO tape drives can read back two generations, but at the expense of
needing to store a larger number of tapes.
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●

Minimum media where the user migrates data from older technology tapes as soon as newer
technology is available. This has the advantage of reducing the number of cartridges needed
quite dramatically and, in many cases, the migrated data can actually remain online because it’s
only a small percentage of the total data set. A rough calculation based on the amount of new
data doubling every two years and new technology available every two to three years with
doubled capacity shows that only around 10% of the total storage capacity would be taken up
by migrated data even if everything was kept online. This would potentially allow the entire
user’s archived data to be available online, which dramatically simplifies the access model. This
approach also has the advantage of refreshing the data every few years thereby ensuring
confidence that it is in good condition throughout its valued life.

Figure 7 – Minimum Media Strategy

Figure 7 depicts an example of a minimum media migration strategy showing a much lower
number of tapes needed, but requiring more frequent data migration.
With archive being one of the primary use cases for tape, data integrity is recognized as being of vital
importance, and one that differentiates it from other storage mediums. End-to-end data integrity
begins upon ingest of data, and carries protection through all movement of the data to recording it on
the final storage medium. End-to-end data protection features ensure that all data received is in fact
recorded correctly. The CRCs are recorded with the data so that the same holds true for data retrieval
(i.e., the host is able to validate that the data retrieved has not been corrupted). Beyond simply
detecting data correctness, advanced error code correction capabilities are able to correct detected
errors and return the original data intact. The T10 Protection Information standard enables end-to-end
data integrity in systems. In addition, some solutions offer the ability to periodically verify the integrity
of data stored on tape through automated scanning processes, with options for corrective actions.
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Additional protection can be provided via file fixity, whereby the archiving application can apply a
standard hash code for an entire file, thereby ensuring that the file has not been altered in any way.
Tape is the best storage medium for data retention at archive-level scale and time horizon, providing the
best of cost, density, performance, and reliability.
1.7.3 Backup and Recovery
Tape has a very clear role in data protection for disaster recovery, as discussed later in this paper. The
backup and recovery portion of data protection has seen a rapid adoption of purpose-built backup
appliances, typically incorporating de-duplication technology. IDC estimates this market to be about
$3B [21]. However, the backup and recovery market is not served exclusively by purpose-built backup
appliances. Other solutions incorporate continuous data protection and Cloud providers offer backup as
a service.
Tape’s role in backup and recovery includes providing a low cost tier for longer term backups. As noted
in the archive use case, many customers use backups for a dual purpose of both data protection and
archival storage. Most major backup applications support disk and tape and allow the customer to set
policies for the migration to achieve this objective automatically. Some new continuous data protection
solutions also support tape directly for long-term retention, again using policies to automate the process
of migration.
Tape also participates in backup and recovery for data that cannot be deduplicated. For example,
compressed formats for video, or data that has been compressed and/or encrypted at the source is
ideally backed up to tape. Purpose-built backup appliances rely on significant deduplication ratios to
reduce their costs, and without the ability to deduplicate the data, they can be cost prohibitive.
At times, backup performance has been hampered by the read throughput available from the source
disk(s), which in turn affects the ability to maintaining optimal streaming I/O to tape. But with the
emergence of flash-based storage, and coincident improvements in durability, capacity, and cost, this
bottleneck may disappear and create additional opportunity to revisit tape as a backup target that can
keep up with the streaming rates available from flash-based sources.
1.7.4 Cold Storage
Some data storage solutions are optimized (or ‘economized’) for minimal power consumption, or
include portions or tiers of storage that are. The incentive for such ‘cold storage’ is relatively
straightforward: with average electricity costs running about $0.11/kWh (e.g., in the United States) [22],
the cost of powering arrays of disks yearly, combined with associated environmental costs, such as
cooling, becomes expensive (and in some cases, prohibitively so).
Part of the cold storage premise is that only a portion of data is immediately accessible at a time, or that
power is conserved/prioritized for storing the ingest of new data, while storage with idle data is in a
powered off state. Coincident with this paradigm is an understanding and expectation that data stored
within the ‘cold’ portion of storage may incur a delay before being accessible again, as that data storage
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is returned to a powered up state, or the data is made available via a powered access point. Delays may
be seconds to minutes, or more. The trade-off of immediate accessibility versus delayed accessibility is
typically warranted from the resulting significant overall cost savings, underscored and supported by the
data access patterns; only a fraction of data is accessed at any given time in large data repositories.
As a consequence of the cold storage paradigm, tape is well-suited for use as the lowest powerconsuming storage resource, since tape media inherently do not require or consume power. Further,
tape drive technologies have continued to reduce power consumption when idle as well as when
reading/writing. Tape-based solutions may be used directly as cold storage solutions, or tape may be
used as a cold storage tier within a broader solution. Use of tape directly as a cold storage solution is
made easier via standard protocols, such as the Linear Tape File System (LTFS), which lends itself to
familiar file-based access methods.
An all-encompassing data storage architecture augmented with cold storage capabilities can provide
relief for already constrained IT budgets, where expenses related to power and cooling costs can be
allocated elsewhere, or the direct savings used to support growth while staying within budget goals.
Tape can play a key role in realizing those cost savings.
1.7.5 HSM / Tiering
The concept of using multiple storage tiers, each with different characteristics, has been around in the
industry for many years and referenced by different names (e.g., hierarchical storage management, or
HSM; storage tiering). Broadly, data is written to a higher-performing storage tier first, and then the
data (or a copy) makes its way to one or more lesser-performing storage tiers (e.g., lower cost, higher
capacity, farther away, etc.). Data retrieval may or may not go back through the higher-performing tier
first, or it may be served directly from the tier on which the data resides.
The capabilities and benefits of tape fit nicely within the HSM use case. Tape provides a reliable, high
performance, low cost, and low power storage alternative to complement storage technologies used in
other tiers. For example, data might be ingested and reside on flash-based storage, and then be
migrated to tape (based on size, age, last access, or other characteristics). Or, data may reside on disk
first and then migrate to tape within the solution, such that the creation of copies or data migration
occurs automatically, per the criteria of the policy.
By adopting an HSM approach, a unique blend of storage capabilities can be created that optimizes cost,
performance, and capacity. Data may reside on flash or disk-based storage with a copy of data created
on tape in parallel, and the copy of data in flash or disk only released when the capacity is needed for
higher priority data. The creation of copies or data migration is typically governed by data management
policies. Metadata and more active data may be stored on flash-based storage (for example), while bulk
or less active data is stored on tape. The capacity ratios of the storage tiers can be scaled
independently, to allow greater flexibility in tuning performance and managing costs.
Some HSM solutions may also offer advanced data protection capabilities, such that in addition to
tiering, additional copies of data or other means of protection are included within the system. Tape
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offers a cost-effective way to take advantage of these capabilities, and create effectively self-protecting
data repositories.
There are many storage choices available for composing an HSM solution, but tape offers a unique set of
characteristics that enables solutions at a scale simply not feasible with other technologies, making it a
compelling option to consider.
1.7.6 Bulk Transfer
Tape has always been a removable and portable storage medium, and has often been used to transport
data, typically for storing data off-site for added protection. However, in situations when an amount of
data to transmit in a timely fashion exceeds the available capabilities of traditional data communication
methods, the “bulk” transfer of data via tapes is a viable alternative. To overcome expense, throughput,
bandwidth, and/or latency limitations of data communication approaches, data is instead ‘transmitted’
via tape volumes, shipped via private or commercial carriers.
With the advent of the Linear Tape File System (LTFS), data portability via tape has been made easier,
through use of familiar file-based access and a standardized format. Building upon this simplified and
standardized approach, in 2013 the SNIA LTFS Technical Working Group began work to standardize how
LTFS could be used for bulk transfer. The LTFS Bulk Transfer Standard specifies work flows for
envisioned use cases, XML schema for transfer requests and responses, some guidance for error
handling, and considerations for security. (Details of the standard cover packaging of files and objects
onto LTFS volumes for transport between destinations, defining how files and objects are merged into a
destination name space, and transfer verification and atomicity.)
Part of the premise for using tape for bulk transfer of data is that networks are expensive and still
limited in bandwidth and latency. And with the emergence of more network-based storage, such as
cloud storage, transfers of large volumes of data are not always feasible within desired amounts of time.
By way of example, the SNIA LTFS Technical Working Group estimated that transferring 2 PB of data to a
cloud destination over an OC-12 link would take 370 days, at a cost of $61,700 [23], whereas using tape
it would take 23 days, and cost $89,200. As another example, they estimated that transferring 10 TB of
data over a 10Mbit/sec link would take 92.6 days, at a cost of $1,852, whereas using tape it would take 4
days, and cost $468 (all estimates based on 2013 values). The spectrum of time savings versus cost
savings varies by use case, but the differences are compelling enough to consider tape-based bulk
transfer as an option.
The standard itself considers five variations of the bulk transfer use case:
●
●
●
●
●

Transfer a large volume of data to or from a remote location
Update or synchronize a subset of data stored at a remote location
Transfer a large volume of data to a second enterprise, or public/ private cloud (e.g., cloud
seeding)
Transfer a large volume of data from a public/private cloud
Transfer a large volume of data from one public/private cloud to a second public/private cloud
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In each of these variations, the common theme is having a large volume of data that exceeds the
practical capabilities of the available network resources. Tape is able to provide a high-volume transfer
of data very cost effectively, but possibly of greater importance is the faster time in which it can do so
(leveraging existing global shipping resources). As a result, tape-based bulk data transfer can be a
valuable tool within a data management environment.
1.7.7 Cloud
Storage provided as a Cloud service continues to see considerable growth through the end of 2015.
Depending on sources, Cloud storage revenue grew from 2001-2015 at an estimated 36% CAGR and is
projected to continue to grow at over 28% CAGR through 2020.
Although some Cloud Service Providers (CSP) initially established their services based on disk storage
only, it has not taken long for major CSPs to recognize a critical need for less expensive storage in these
infrastructures. CSPs are in a constant battle of competitive pricing, driving the cost to the consumer to
the lowest possible price while still being able to maintain the operations. In some cases like the recent
announcement of Wuala [24], and the devastating closure of Nirvanix [25], have shown that this is a
tough market to survive in, with considerable risk to the customer data in some cases. Tape’s role in
CSPs is two-fold: tape provides a very economical tier as part of the CSP’s data protection for its storage
and tape enables a low cost archival storage offering via its very low acquisition and operational costs.
It is important to note that Cloud serves as a centralization of smaller infrastructures, taking advantage
of the benefits of storage at scale. As such, Cloud plays to tape’s strengths; tape’s advantages grow at
scale, where its low acquisition cost, extremely low power and cooling cost, etc., give it enormous
advantages over an architecture built exclusively with disk. CSPs are seeing the benefits of tiering data
based on analytic principles of activity and access patterns to lower cost storage. Tape is serving as the
lowest cost tier for second and third copies to reduce disk usage and power and as full resident copies of
data not being accessed.
CSPs deal with data storage at scales barely imaginable by most organizations and as a result have
entertained the other considerations of storage, such as power and especially bit error rate. Power is a
fairly simple reasoning; tape drives take little power and tape media take no power. Industry averages
of power consumption for tape drives and automation can be readily derived. Assuming two tape drives
per PB of data (uncompressed), the cost per GB per year for tape is around .000018¢, vs. disk at around
seven times more. It can be acknowledged that algorithmically-powered disk solutions that are
advancements over MAID are showing promise in this area but are not yet fully implemented in exascale environments. For reference see Microsoft Pelican [26].
Bit error rate at scale is another factor that is often taken lightly until the data approaches hundreds or
thousands of PBs. To reduce costs, CSPs use bulk purchases of commodity-based disk drives. If a bit
error is expected every 110TB, the management of rewriting data to ensure availability and durability of
data consumes massive compute resources. In the instance of tape, the bit error is expected on the
order of an exabyte. Table 6 illustrates the bit reliability of commonly used storage technologies.
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Table 6 – Bit reliability of storage technologies

Device
SATA Consumer
SATA Enterprise
SAS/FC Enterprise
Enterprise SAS SSD
LTO7
Enterprise tape

Hard Error Rates in bits
10E14
10E15
10E16
10E17
10E19
10E20

Equivalent in Bytes
1.25E+13
1.25E+14
1.25E+15
1.25E+16
1.25E+18
1.25E+19

PB Equivalent
0.01
0.11
1.11
11.1
1110
1120

The intense competition in the CSP market will drive tiered storage architectures that incorporate tape,
primarily because of the cost advantages that tape provides, in addition to the other advantages listed
above. One forward-looking analysis by Aaron Ogus, Storage Architect for Microsoft, compared
different technologies [27]. Cloud is certainly one of the high growth markets for the future and tape
has a major role for Cloud storage.
1.7.8 Disaster Recovery
As used in the industry, disaster recovery (DR) generally refers to creating, transporting, and preserving
copies of production data at alternate locations to protect from disasters affecting the primary copy of
data at a primary location. Disaster recovery capability is often further characterized by recovery time
objectives (RTO) and recovery point objectives (RPO).
RTO describes the goal for how long it takes to recover from a disaster, and RPO describes the goal for
the point in time to which to recover (i.e., how granular a data recovery can be made in terms of days,
hours, minutes, seconds, etc.). For business continuance purposes, RTO can be quite small (e.g.,
minutes to hours) and RPO very fine-grained (i.e., no loss of business continuity). For other uses (e.g.,
recovery of non-business-critical applications or repositories), RTO may be larger (e.g., hours to days)
and RPO course-grained (e.g., hours).
Tape plays a role in DR solutions due to its portability, low cost, high reliability, high density, and off-line
characteristics. To support RPOs, snapshot technology is often used, and then those snapshots are
copied to tape and protected off-site. Alternatively, second copies of operational backups are written to
tape, and those copies are sent off-site.
The primary goal of a DR solution is to have copies of data at locations different than, and far enough
away from, a site to be protected, but which can be made available again within the RTO. Recovery may
not be to the original primary site; it may be at the site with the DR data copies, or at an alternate site,
to where the DR data copies need to be sent. The portability and high capacity of tape provides
flexibility in the DR recovery scenarios, since the DR data copies can typically be transferred quickly and
efficiently via the tape media directly, rather than relying on network infrastructure, which may also
have been affected by the originating incident. With tape, all resources needed to recover may be
flexibly co-located or relocated as needed to facilitate recovery.
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A key requirement for DR is that the data is isolated from the online copies. Best practice is often
summarized as the rule of 3-2-1: at least 3 copies of data, on at least 2 different technologies, and at
least 1 copy that is offsite and offline. The last aspect is critical. Architectures where all the data are
online are susceptible to software bugs, human errors, and sabotage where the data protection copy
can be deleted along with the primary data. One webhosting company lost its customers’ data and its
backups in an attack because it did not have an offline copy [28].
Ideally, events that would require use of the DR data copies would never occur, but yet that data needs
to be available to provide business resiliency. Retaining that data on storage that requires ongoing
power and cooling is an expensive proposition, relative to the frequency of use. Tape provides a very
cost-effective way to protect DR data copies, since the data can be stored with minimal power and
cooling costs.
A robust, overall data management plan includes contingencies for disaster recovery, and tape lends
itself well to optimize that part of a plan.

1.8

INDUSTRIES WHERE TAPE IS USED

1.8.1 Overview
Today, organizations of all sizes are struggling with the need to keep larger and larger volumes of
business critical information, as well as other information, for even longer periods of time. These
organizations are managing storage capacities that would have been unthinkable just a few years ago.
Simply adding more disk capacity to their storage is not an acceptable strategy; budget, floor space,
power, cooling and staffing are getting tighter as the data grows.
Compliance regulations, like the Sarbanes-Oxley Act in the United States, internal retention policies,
business requirements and the growth of unstructured content through the increasing use in imaging
are, to name a few, contributing to this extraordinary data growth.
In many industries, digitization has seen a move from analog imaging techniques to high quality digital
imaging and along with that, a growing need for long-term digital archiving of all assets. The
requirements for these archives are, in many cases, common across industries: ingesting, searching and
retrieving data; looking for reliable formats that will ensure the mobility, accessibility and integrity of
that data for many years, and in some cases a life time. It is often very difficult to know what to save
and what to discard, or how valuable an asset will be in the future.
Increasingly, organizations across multiple industries are relying on tape technology to provide the
storage capacity required. Tape technology provides a cost-effective, reliable solution and, with
innovations such as the Linear Tape File System and integration into systems that provide a standard
interface such as CIFS, NFS, OpenStack Swift, etc., it becomes easy to use, integrate, transport and
access data in open standard formats.
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1.8.2 HPC/Scientific
HPC applications tend to be used in the field of computational science for a wide range of computational
intensive tasks in, for example, quantum mechanics, weather forecasting, climate research, seismic
studies, oil and gas explorations, molecular modeling and physical simulations. These applications
handle large volumes of data over short periods of time running on Supercomputers with a high-level of
computational capacity.
Data created through these applications requires careful storage and long term archiving. This data
represents significant investments and in many cases experiments or scenarios are very difficult and
prohibitively expensive to replicate. New advances in technologies, algorithms and discoveries could
provide new ways of analyzing this data without having to recreate the original study. IDC projects that
the total storage for HPC will exceed $6B in 2017 [29].
Tape technology is typically used in these industries in a tiered storage solution. Often the disk tier
provides a buffer for data on its way into the tape archive, optimizing the tape archive, and also as an
area for data analysis for data this recalled, such as when applying modeling. Tape’s use in HPC as nearline storage and a data archiving solution, scaling out as the storage requirements grow, provides low
cost of ownership, long shelf life, and high performance and capacity in a small footprint.
1.8.3 Cloud
Cloud provides a variety of use cases for which tape is being used as an integral part of the storage
hierarchy. Overall, IDC projects that private and public cloud storage will reach $22B in 2016 [30].
Cloud offerings provide a host of benefits to customers. For Software as a Service, providers run the
applications on servers with storage in a cloud. Tape’s role is typically a part of the provider’s data
protection. The consolidation of many customers’ or departments’ data into a private or public cloud
presents the kind of large scale data protection problem for which tape’s high throughput and low cost
are ideal. Often the data protection architecture includes a disk tier with deduplication and a tape tier
for the older, longer-term backups and also as an offline storage tier that is the last line of defense
against human error or an attack.
Cloud Infrastructure as a Service presents another use case for which tape is ideal. Providers such as
Amazon, Microsoft, Google, and Oracle, among others, are offering a very low cost, deep archive tier.
The service level agreements for this type of storage are typically measured in hours and the
competitive landscape is centered on price and reliability. Tape is used as the primary storage
technology, often behind a disk tier that provides a “landing zone” for data on ingest. Tape provides
both the very low CAPEX with its low cost per PB and also the very low OPEX with its extremely low
energy costs that have enabled these cloud archive tiers, which are presented to businesses and
consumers as a deep archive at a very attractive cost point.
1.8.4 Media & Entertainment
The move to digital file-based workflows combined with the requirements for higher resolution formats
such as 3-D, 4K and 8K are the main factors driving the growth on storage capacity and management
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demands in the media and entertainment industry. A single 6K camera produces 85 TB in 24 hours and
new offerings are emerging that offer the consumer the option to select their point of view, increasing
the number of cameras required. Other factors impacting storage demands are the digital conversion
and presentation as well as archiving of new content. Media and entertainment is forecasted to reach
$6B in 2019 with about half of the storage being archival storage [31].
Studios are not just challenged by the constant increase in capacity per production, but also they see an
increase in the number of productions per year and the more digital effects put into each production.
Tape technology provides a low cost, scalable and easy to use solution from capture through distribution
of assets. In production, tape technology is used to move data on set or on location directly to tape for
direct asset archive or to share content. LTFS is an open standard that is common for this use case. In
Post Production, content stored on tape can be brought online for editing; work can then be stored back
on tape once complete. The SMPTE-defined AXF format and the LTFS format are archive standards for
this use case. Open specification, cross-platform interchangeability, reliability and robustness make
tape technology an ideal media for distribution. A single tape cartridge can hold hours of content for
broadcast distribution. Digital archiving is a key step in asset preservation for future re-purposing and
re-monetization, long-term data retention, reliable, cost-effective and low maintenance makes tape
technology the ideal medium to preserve entire projects.
Tape is uniquely placed to protect and retain digital content in the media and entertainment industry,
being low cost, scalable, durable, and reliable, and with open standards such as LTFS and AXF, data is
easy to use, to access and to share across the industry.
1.8.5 Healthcare
In the medical industry, the move to electronic health data sets and from film imaging to digital imaging
is well underway. The exponential growth of medical images and the reticence to delete patient data
combined with legal requirements like the Health Insurance Portability and Accountability Act (HIPAA),
and also the need for historical trend analysis and research are contributing to the overall issue of
efficiently and cost effectively storing data as well as maintaining its access in the future.
“Transforming Health Care through Big Data Strategies for leveraging big data in the health care
industry” report [32] says that data from the US health care system alone reached 150 exabytes in 2011,
with predictions to reach zettabytes soon and to grow to yottabytes not long after. Frost and Sullivan
estimate that the US PACS storage reached 300 EB in 2015, about 10X the capacity back in 2005 [33].
The main concerns in healthcare regarding archiving and management of medical images, patient
records and administrative data include: how to utilize its value to improve quality of care, how to share
all this information, how to secure it and how to maintain and access it in the long term.
A tiered storage approach is typically the optimal approach, with most recent data stored on line in hard
drives, and data moved to tape as it ages, where it is kept on an affordable, secure, reliable and easy to
use media. Tape with LTFS simplifies the health data lifecycle by easily integrating with any custom or
out-of-the-box applications used by departments across the practice. Tape with LTFS allows clinicians
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and administrators to quickly retrieve and share medical data that is typically only stored for a short
time. These records can be shared without workflow impact to any other department in the practice,
and without conflict with any vendor-specific medical data and image software already in use. Tape also
simplifies the storage of large medical images that are not easily deduplicated. When it comes to
transmitting large healthcare data files such as x-rays, tape doesn’t consume resources that affect users
and individual files are readily accessible [34].
1.8.6 Video Surveillance
The move from analog systems to IP cameras has enabled companies not just to use their security
systems for pure monitoring, but also to turn their video applications into a competitive advantage for
business intelligence, for example, to analyze customer behavior. The quality of the images has been
increasing – High Definition video and 30 frames-per-second are now standard for many applications –
and although specialized software only records when there is something in the camera’s field of vision,
data can be accumulated very quickly in massive amounts. Even a small surveillance system can
generate more data than many companies have in their entire IT environments. Data growth in video
surveillance is also driven by legal requirements for longer retention periods, longer hours of operation
and the increased demand for security. The storage component of video surveillance solutions is
estimated to be $1.8B [35].
Tape technology with LTFS offers an open format that makes data accessible for active archive or long
term retention, at the same time offering the lowest total cost of ownership with a limitless archive tier
with no expansion disruption.
A solution with a NAS interface that incorporates tape for the archive tier is an ideal solution for this
industry since video data is normally generated as large files of streaming data. This solution integrates
with existing advanced systems allowing data to be moved to tape in a seamless manner while reducing
the cost of storage.
1.8.7 Traditional IT
Traditional IT uses tape in two broad categories. The traditional role of tape in data protection has
shifted to a tiered solution that incorporates disk and tape. Disk is typically used for fast restores of
files, often incorporating deduplication technology to minimize cost, and also as a staging area before
moving the data to tape. Tape is used for two key aspects of a data protection solution: the long-term
retention of older backups and an offline copy that provides an additional degree of protection from
human error, sabotage/hacker attacks, and environmental threats. In short, tape’s low cost and offline
characteristics make it ideal for disaster recovery. Most major data protection applications manage the
movement of data across the disk and tape tiers directly according to policies, providing an automated
solution with minimal manual activity. Other solutions incorporate continuous data protection to
provide a Recovery Point Objective (RPO) and Recovery Time Objective (RTO) of near zero. These
solutions also often support staging data to tape based upon policies for the same reasons mentioned
above. Some customer ship tapes off-site as part of their disaster recovery architecture, while other
companies maintain their own tape vault at a second or third site.
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Traditional IT incorporates tape for archiving a variety of corporate records, ranging from email to
training videos and more. In these solutions, tape is one of the storage tiers incorporated in a system
that presents a standard interface, such as NFS, CIFS, OpenStack Swift, etc. This allows the applications
to move files to and from the archive without knowing the actual storage technology used. The key
benefit to this approach is that the applications work with the system as they would with a typical NAS
or cloud solution, and the archive solution can migrate data across the storage tiers, based on policy, in
the background. Archival solutions also migrate data to private or public clouds and can migrate from
one generation of technology to another, all without any changes to the applications that wrote the
data. IDC estimates that the market for file-based storage to reach $38B in 2017 [36].
1.8.8 Oil & Gas/Seismic
The storage market for oil and gas is estimated at $3.5B per IDC [37]. Each survey can range from 100TB
to 1PB [38]. Given the high value of the data as well as the high cost to collect it, along with significant
research and development to improve the modeling forecast, this is a “true” archive market with nearly
100% of the data collected saved as an archive [38].
Some industry trends that are driving additional storage requirement are higher resolution capture
methods, such as wide azimuth or multi-azimuth. A 3D survey yields 10X the storage requirements than
a 2D survey format. The use cases involve both the initial data acquisition as well as the computational
systems running advanced modeling algorithms, and long-term archiving.
The role of tape in this market starts with much of the data acquisition, where the data from sensors is
streamed to tape. Tape’s excellent streaming performance and portability makes it ideal for this
application. Tapes are transported to a data center where they are copied as part of the data protection
solution that provides for disaster recovery. The data is typically stored in a digital archive on tape
because of its economic advantage over other storage tiers. Data is retrieved from tape to disk for
modeling software to analyze. The movement of the data from tape to disk is automated by
middleware that has been integrated with the analysis software. Like the markets discussed above, this
middleware typically presents a NAS image to make it easy to integrate with the application software.

1.9

CONCLUSIONS AND RECOMMENDATIONS

A dominant influence on the future environment for tape storage is the accelerating growth of data that
individuals and organizations are generating, much of which they want or need to retain. The
requirement to preserve such data carries with it the need for the availability of storage technologies
with ever improving density and increased capacity. Estimates are that the available worldwide capacity
for archival storage of digital data will exceed ten zettabytes (1 zettabyte = 1021 bytes) in the next few
years, and that this will fall short of the capacity needed to provide storage for the information created.
Therefore, the need to increase available storage capacity will remain with us for the foreseeable future.
On a somewhat finer scale, the specifications needed for this increased storage come with a variety of
flavors, depending on what particular attributes must be optimized in a given environment (e.g., cost,
performance, data reliability, data security, regulatory compliance, disaster recovery, etc.).
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The use of tape technology to store data has been undergoing a transition. Historically, one of the most
significant uses of tape has been to support the backup and restore functions, i.e., to ensure that system
hardware or software problems do not lead to a loss of important data. Over the past several years, it
has become recognized that much of the data collected for the backup and restore functions is needed
only for short-term retention, and also that the ability to search for and rapidly restore small chunks of
data is a valuable attribute. These aspects have made it attractive to adopt disk-based solutions for
backup and restore, and their use for this purpose has been increasing, while the use of tape for backup
and restore has diminished. However, many users employ both disk and tape in a tiered solution,
whereby most restores come back from disk for performance reasons, but tape provides the safety net
in case something goes wrong in the disk-based backup solution.
During this same period, it has also become recognized that a very important application of storage is
for long-term preservation (or archiving) of data. Concomitantly, there has been a growing
understanding that the backup and the archive functions are quite distinct from each other, and they
impose different requirements on their associated storage devices. It is especially in the archival
context that the use of tape has remained strong and is projected to grow significantly. Tape has a
number of attributes which favor it over disk for long-term archival use, including its considerably lower
cost (both acquisition and operating costs) and its higher data reliability. An important contributing
factor to tape’s lower cost is its much smaller use of energy compared to disk. Energy saving in the data
center environment has taken on an importance of its own, beyond strictly cost implications, because
data centers are concerned about the availability of sufficient power for their future operations.
For the above reasons, the use of tape continues to be an important element in most enterprise IT
operations, and the decline in tape’s use has been less than was anticipated in INSIC’s previous tape
roadmap. The most common approach for enterprise storage today is not to deliberate whether to use
disk or tape, but instead to use flash, disk and tape in an integrated approach to data protection, taking
best advantage of what each storage technology offers. The trend towards increased use of tiered
storage is a development that enables this approach, as is the emergence of purpose-built appliances to
serve as intelligent front-end systems to manage archival data. There are a number of industry
segments where archival storage on tape has become a strategic part of the operation, and several
examples of these are detailed in this report.
A further ongoing development in the IT environment is the growth of public cloud storage, which is
predicted to accelerate in the next few years. Cloud storage services are offered with a variety of
business models and pricing schemes. Many of these services are highly cost sensitive and/or critically
dependent on maintaining security and integrity of the stored data. Tape’s attributes (low cost, high
data reliability, encryption) make it ideal for its use (behind the scenes) in cloud storage offerings, and it
is anticipated that such applications for tape will grow with cloud storage business growth.
We expect that tape will continue to play a strong role in future data storage environments; however,
that will require ongoing attention to advancing tape technology and its ease of use. First and foremost,
the research and development to support aggressive tape density and capacity advances must continue,
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in order for tape to maintain its significant cost advantage over disk. To support increased use of tape
for archival storage, advances in tape data organization and associated supporting software, that enable
easy access to specific data records in the archive, should continue to be developed. Providing tape
customers with a systematic and facile approach to migrate their data to new generations of hardware
would also benefit the industry, as would the development of tape drive and media products that
extend backward compatibility to three generations, or close to a decade. Finally, although the outlook
for tape presented here is very positive, it can be even more so if the industry undertakes an effort to
better educate customers and better publicize the inherent and significant advantages of tape storage
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