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Storage Devices
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Definition

One of the goals of database, file and block storage
systems is to store data persistently. There are many
different types of persistent storage devices
technologies such as disks, tapes, DVDs, and Flash.
The focus of this write-up is on the design trade-offs,
from a usability standpoint, between these different
types of persistent storage devices and not on the
component details of these different technologies.

Historical Background

From a historical standpoint, tapes were the first type
of persistent storage followed by disks, CDs, DVDs,
and Flash. Newer types of memory technologies such
as PRAM and MRAM are still in their infant stages.
These newer non-volatile memory technologies
promise DRAM access speeds and packaging
densities, but these technologies are still too expensive
with respect to cost/gigabyte.

Foundations

- Tapes/Tape Libraries: Tape readers/tape head, tape
library, tape robot, and tape cartridge are the key
components of a tape subsystem. Tapes provide the
best storage packaging density in comparison to other
types of persistent storage devices. Tapes do not
provide random access to storage. Data on tapes can be
stored either in compressed or uncompressed format.
Unlike disks, tape cartridges can be easily transported
between sites. Most organizations typically migrate
data from older tape cartridges to newer tape cartridges
every 5 years to prevent data loss due to material
degradation. One can employ disk based caches in
front of tape subsystems in order to allow for tapes to
handle bursty traffic. Tapes that provide Write-Once,
Read Many (WORM) characteristics are also available.
WORM tapes are useful in data compliance
environments where regulations warrant guarantees
that a piece of data has not been altered. DLT and LTO
are currently the two dominant tape technologies in the
market. Technology-wise both these standards have
minor differences. Finally, from a pure media cost
standpoint, tapes are less expensive (cost per gigabyte)
than disks and other forms of persistent media.

- Disks/Storage Controllers/NAS Boxes: Disks are the
most widely used form of persistent storage media.
Disks are typically accessed by enterprise level
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applications when they are packaged as part of the
processing server box (direct attached storage model),
or are part of a network attached storage box (NAS)
and accessed via NAS protocols or, are packaged as
part of a storage controller box and accessed via
storage area network protocols (SAN). The current
trend is for protocol consolidation, where the same
storage controller provides support for both SAN and
NAS protocols. Typically, the size of the storage
controllers can vary from a few terabytes to hundreds
of terabytes (refrigerator sized storage controllers). A
storage controller typically consists of redundant
processors, protocol processing network cards, and
RAID processing adapter cards. The disks are
connected to each other via either arbitrated loop or
switched networks. Storage controllers also contain
multi-gigabyte volatile caches. Disks are also packaged
as part of laptops.

There is a marked difference in the manufacturing
process, and testing process between the enterprise
class disks and commodity laptop class disks. Disks
vary in their form factor, rotational speed, storage
capacity, number of available ports, and the protocols
used to access them. Currently, serial SCSI, parallel
SCSiI, serial ATA and parallel ATA, Fiber Channel,
and SSA are the different protocols in use for
accessing disks. Lower RPM and disk idle mode are
new disk spin-down modes that allow disks to
consume less power when they are not actively being
used.

- DVD/Juke Boxes: DVDs and CDs are optical storage
media that provide random access and WORM
capabilities. Only recently, the multiple erase capacity
of an individual CD, or DVD was less than the
capacity of a single disk drive or tape cartridge DVDs
can store more data than a CD and a high definition
DVD can store more data than a DVD. There are
numerous competing standards for CDs, DVDs and
high definition DVDs, however, format agnostic DVD
players and DVD writers are emerging. Usage of
DVDs is more prominent in the consumer space rather
than in the enterprise space. A juke box system allows
one to access a library of CDs or DVDs. DVDs have
slower access speeds than most types of disks.

- Flash/SSDs/Hybrid Disks: Flash is memory
technology that has non-volatile characteristics. Flash
memory has slower read times than DRAM. Moreover,
it has much slower write times than DRAM.

One has to perform an erase operation before one can
re-use a flash memory location. One can only perform
a limited number of erase operations. Thus, the number
of write operations determines the Flash memory life.
SLC and MLC are the two different NAND flash
technologies. SLC can be erased a greater number of
times, and it has faster access times than MLC based
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flash. NAND flash has faster write and erase times
than NOR flash. NOR flash has faster read times than
NAND flash. NAND flash is used to store large
amounts of data, whereas NOR flash is used to store
executable code.

People are using MLC flash in cameras and digital
gadgets, and are using SLC flash as part of solid state
disks (SSDs). SSDs provide block level access
interface (SCSI), and they contain a controller that
performs flash wear leveling and block allocation.
Hybrid disks that contain a combination of disks and
Flash are emerging. Hybrid disks provide a Flash
cache in front of the disk media. One typically can
store meta-data or recently used data in the flash
portion of hybrid disks to save on power consumption.
That is, one does not have to spin up the disk. Flash
storage provides much better random access speeds
than disk based storage.

Key Applications

Tapes are being used primarily for archival purposes
because they provide good sequential read/write times.
Disks are the media of choice for most on-line
applications. Optical media (CDs, DVDs) are popular
in the consumer electronic space. Flash based SSDs are
popular for those workloads that exhibit random 10s.
Disks are being used in laptops, desktops and storage
servers (SANs, NAS, DAS). Tape based WORM
media and content addressable based disk storage are
providing WORM media capabilities in tape and disk
technologies, and thus, these technologies can be used
to also store compliance/regulatory data.
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Answer the following questions:

1)
2)

3)
4)

5)
6)
7)
8)

9

Name some of the persistent storage devices
mentioned in the text.

What are the advantages and disadvantages of
tapes?

Where are WORM tapes useful?

Name the two dominant tape technologies that
are currently on the market.

What is the most widely used form of
persistent storage medium?

What are the protocols which are currently in
use for accessing disks?

What spin-down modes are used to save on
power consumption?

What are the characteristics of some of the
optical storage media?

What is flash technology?

10) Where is flash memory used?

Match the following terms with their definitions:

1)
2)
3)
4)
5)
6)

a)

b)

A library

A disk cache

Fibre channel

A storage area network (SAN)
DLT (digital linear tape)

A jukebox

A mechanism for improving the time it takes
to read from or write to a hard disk

A unit in which optical disk drives are
mounted

A high-speed special-purpose network (or
sub-network) that interconnects different
kinds of data storage devices

A collection of physical storage media such as
tapes or disks and a way to access them

A form of magnetic tape and drive system
used for computer data storage and archiving
A type of high speed interconnection

Mark the following statements as true or false:

1)

2)

3)

4)

5)

6)

7)

Portable and inexpensive to purchase, tapes
are often used for backing up or archiving
data.

Flash is memory technology that has volatile
characteristics.

WORM disks can be written only once.
NAND has significantly lower storage
capacity than NOR.

MLC is used in solid state drives (SSDs) and
SLC is used in consumer applications like
cameras, media players, cell phones, etc.

An SSD (solid-state drive or solid-state disk)
is a storage device that stores persistent data
on solid-state flash memory.

In hybrid disks the flash memory handles the
data most frequently written to or retrieved
from storage.
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access time ['ak.ses] = [tatm] =) - pfistupova
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read time [red] = [tazm] = - pFistupova doba
pro Cteni

solid state disk (SSD) ['sbl.1d] @ ['sa:.lxd] =
[stert] =) [d1sk] =) - pevny disk na bazi

pamét ovych Cipl

standpoint ['steend.paint] ® - stanovisko,
hledisko

to access st ['ek.ses] = - dostat se k

to allocate ['&l.a.kert] = - pFidélit

to alter ['vl.tar] @[ 'a:l.t ] & - zménit

to determine [dr'tz:.min] @[ -'t31-] &) - uréovat,
udavat

to emerge [1'm3:d3] @[ -'m3:d3] #) - objevit se
to package ['pak.1d3] ® ) - zabalit

to spin down [spin] ® [daun] & - zpomalit
otaceni

to spin up [spin] = [ap] ™ - zrychlit otaceni

to vary ['vea.ri] @] 'ver.i] &/ - ligit se, rliznit se
to warrant ['wor.>nt] @ ['wo:r-] &) - zaruéit
trade-off ['trerd.of] @ [-a:f] ) - kompromis

via [vara] @['vii.a] ®) =) - pFes, prostFednictvim
wise (suffix) [waiz] =) - pokud jde o,

hovofime-li o

write time [razt] =) [tazm] = - pfistupova doba
zapisu



