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Abstract frontier at single installation sites [1]. These installa-
tions require even without considering the overhead
Redundant arrays of independent disks, also calledfor redundant data coding techniques and assuming
RAID arrays, have gained a wide popularity in the the largest available disks the coordination of more
last twenty years. Most of the disks used in the serverthan 5,000 disks.
market are currently based on RAID technology. The A first step to enable the management of such a
primary reason for introducing RAID technology in  |arge number of disks has been taken in 1988 by Pat-
1988 has been the fact that large disk systems havgerson, Gibson, and Katz [10]. They introduced five
become much slower and more expensive than thejifferent RAID levels to overcome the limitations that
connection of a large number of inexpensive diskshave been imposed by a single, large, and expensive
and the use of them as an array. disk. These single disks did not only lack capacity
The times seem to repeat themselves. Today, larggcaling requirements but also were nor able to deliver
scale RAID arrays have become incredible big and the required 1/0-rate and bandwidth (see table I). The
expensive. It seems that it makes sense to replac@ompination of a large number of inexpensive disks
them by a collection of smaller and inexpensive wjth the technology to evenly distribute the data and
arrays of JBODs or mid-ranged RAID arrays. In this requndancy blocks among these disks enabled the
paper we will show that combining these systems Withstorage industry to seek new frontiers.
state-of-the-art virtualization technology can lead to Today, RAID has become a multi-billion dollar

a system that is faster and less expensive than an,qstry. Most of the disks sold for the use in servers
enterprise storage system, while being as easy t0j.o puild into one of the many forms of RAID

manage and as reliable. Therefore we will outline the arrays. The RAID technology can be implemented
most important features of storage management and, sofrware, in the host bus adapter (HBA) of the
compare there realization in enterprise class storage geper, or inside dedicated hardware arrays. The costs

systems and in current and future virtualization en- ¢;. RAID technology vary from the free usage of
vironments.

|. Introduction TABLE I. Comparison of a large disk with an
array of small disks in 1988 [10].
The capacities of single disk systems are growing IBM 3390K _ IBM 3.5” 0061 x70 _ Factor
; i Capacity 20 GByte 320 MByte 23 GByte
exponentially since more than 20' years. Nevgrtheless, Vo o7 12 01 fe 116 ox
the demands for storage capacity are growing even power 3 KW 11w 1 KW 3x
i i i i Data rate 15 MB/s 1.5 MB/s 120 MB/s 8x
faster. While disk capacities increased from 2 GByte oo 600 1/Onls oo loss 3900 1oS)s o
in 1985 to more than 200 GByte today, the demands wmTTF 250 KHrs 50 KHrs

for capacity have even broken away the one PByte_Costs $250,000 $2,000 __ $150,000




open source software solutions up to million dollar different storage systems at the time of the writing
enterprise storage systems, like the IBM ESS 800. of this paper. Nevertheless we assume that comparing

The benefit of enterprise storage systems comparedlifferent classes of storage at different times will lead
to standard RAID systems are their to similar results.

In section Il we will compare the initial hardware
costs for JBODs, mid-ranged RAID arrays, and en-
terprise class storage systems to get an impression
for the potential hardware cost savings. These cost
savings can only be beneficial to the customer if the

Enterprise storage systems do not only enable thgegyiting virtualized storage systems can guarantee
administrator to scale beyond 100 TByte in a single the same performance, reliability, and manageability
system, but also provide him with the necessary g5 enterprise class storage systems. These aspect are
administration tools and can guarantee him a nearlycqyered in section 1, IV, and V, showing the poten-
unlimited reliability. Low-end and mid-ranged RAID g of open systems virtualization, but also outlining

systems have not been able to deliver similar featuresgrawbacks of current solutions and areas for future
to the customer on their own for a long time. research.

Nevertheless, the situation is quite similar to 1988.
Enterprise class storage systems have become incredt, Financial Aspects of Storage Virtualiza-
ible big and expensive. They force customers into atjon
vendor-locking, taking from them the freedom and
flexibility to choose between different technologies  |n this section we give a cost comparison be-
when expanding their storage infrastructure. And tween the hardware investment into an enterprise
similar to the introduction of RAID in 1988, the class storage system and the hardware investment into
introduction of network based storage virtualization the corresponding number of JBODs and mid-ranged
combined with products supporting tB¢orage Man-  RAID arrays.
agement Initiative-Specification SMI{$1] enables Before the introduction of network based stor-
the customers to shift from a single and expensiveage virtualization, low-end and mid-ranged RAID
RAID array to a large number of mid-ranged RAID arrays lacked the ability to scale to more than a
arrays that are able to deliver an even better perfor-few TByte. A consolidated management of a large
mance, scalability, and reliability for a better price. number of these arrays has not been possible; features

In this paper we will show that the limitations like snapshot, remote-copy, or mirroring over arrays
of low-end and mid-ranged storage systems can beof different vendors have not been offered to the
overcome by coupling many of them with the help of customer. Storage virtualization now gives a new
an open system virtualization solution. This coupling freedom to the customer. One is able to combine
does not only impose a new flexibility in combining storage systems from different vendors inside a single
storage systems and breaks off the traditional vendormanagement environment and he can rely on en-
locking, but is also able to decrease the initial hard- terprise class functionalities. Virtualization environ-
ware costs while keeping an optimal scalability, per- ments enable the customer to scale up to hundreds
formance, and manageability. To compare enterpriseof TByte without being forced to invest into the
class storage systems with an array of simple diskstechnology of a single vendor. The customer can
also called Just-a-Bunch-Of-Disks or JBODsand  scale his environment by purchasing the storage that
mid-ranged RAID arrays, we have chosen publicly exactly fits his demands.
available information about different storage systems Table Il summarizes the costs for a JBOD, dif-
from Dell EMC, HP, and IBM. These disk systems ferent mid-ranged RAID arrays and the IBM ESS
are similar in the network interconnection and disk 800 enterprise class storage array [8]. The prices
technology to each other, but differ in properties like have been taken from the internet presentation of
caching and software support. The information canthe manufacturers or their distribution channels be-
only give a shapshot about the relation between thetween February and September 2004. The prices are

« reliability,

» scalability,

« performance, and
« Manageability.



TABLE II. Price comparison between a JBOD, mid-ranged RAID arrays and an enterprise class storage
system.

transtec 3000 transtec 6600 Dell EMC IBM IBM

JBOD RAID-System  CX200 FAStT 200 ESS 800
Capacity 2.17TB 2.3 TB 2.1 TB 9.6 TB 559 TB
FC ports 1 4 2 2 16
Cache Size / GByte - 2 1 0.25 32 (max. 64)
Disks 15 16 15 66 380
Processors - 2 2 2 Dual Cluster SMP
Price $7,750 $18,250 $18,999 $220,660 $1,848,350
Price per GB $3.52 $7.75 $8.84 $22.45 $32,29

calculated for the designated configuration shownand tightly coupled JBODs or RAID arrays by using
in the table. These configurations do not always a storage virtualization solution. The comparison will
represent the maximum expansion of the storagefocus on scalability and flexibility, cost aspects and
systems. Furthermore, we have chosen not to includehe ability to satisfy future demands.
the costs for the infrastructure, like storage switches For today’s companies it is quite common to store
or SAN appliances, and the software costs. Storagean amount of data ranging from a few TByte up to
switches are used to connect servers with JBODsseveral PByte. Usually, such data volume is organized
or simple RAID arrays, but also to connect the within a homogeneous SAN environment. Up to
servers with enterprise storage systems to decreasmow, the main drawback of heterogeneous storage
the failure probability. The number and costs for SAN environments has been that the customer has to cope
appliances that are used in virtualization solutions with non-uniform interfaces or protocols that can
depend on the virtualization technique and vary from lead to integration problems and hence, rising costs.
2 simple off-the-shelf computers that act as meta-dataAccording to a recent study by Hitachi Data Systems
servers up to clusters of workstations. The costs for(HDS), 55% of the IT managers identify uniform
virtualization software are comparable to the costs forstorage management of heterogeneous systems as
software features in enterprise storage systems. an important future topic [6]. Therefore, enterprises
Comparing the hardware costs for scaling them to currently tend to build their storage infrastructures by
a size of 55.9 TB, the prices range from 201,500 $ solutions from a single vendor to fulfill their needs
for the JBOD, 493,974 $ for an DELL/EMC CX200 of uniformity and manageability.
based system, and up to 1,850,000% for the IBM
ESS 800 (see also table Ill). Up to now, this price A. Enterprise Storage Systems
difference has been paid by the customer due to
the lacking management capabilities and the lower At first glance, it seems sufficient for a customer
reliability of mid-ranged storage arrays. In the fol- to invest into a high end enterprise storage cabinet
lowing sections we will show that the introduction from a vendor like EMC, HDS, HP, or IBM. These
of network based storage virtualization enables thevendors offer highly integrated solutions with a huge
customer to overcome these limitations of JBODs andamount of storage space and additional state of the art
mid-ranged RAID arrays and enhance them beyondmanagement technologies, e.g. differ®&&ID levels
the capabilities of enterprise class storage systems foand virtualization inside the cabinetSnapshqtand

a much lower costs. Remote Copy

The technological advantage of these solutions is
lll. Flexibility, Manageability, and Scalability based on the optimization capabilities of the vendor
of Large Scale Storage Environments who is aware of all technological components and

their interactions and is able to bundle its storage
In this section we will discuss the technological system with additional management technologies as
differences between enterprise class storage systemsentioned above. The close coupling of all relevant



methods and features within either one or a few costs the administration costs have crucial impact on
devices connected by proprietary interfaces can bethe TCO [5]. This shift is due to increasing complex-
of great benefit to a customer in terms of stability ity of storage management that growth exponentially
and reliability as well as by appropriate installation in the size of the storage environments.
know how and support. Heterogeneous SAN environments, build from
Therefore enterprise storage systems seem to bgimple JBODs or mid-ranged RAID arrays, always
sufficient for many companies which do not want to possessed the capability to store huge amounts of
cope with enhanced storage adminstration includingdata. Their drawback has been the overwhelming
the handling of a heterogenous storage enViI’Oﬂmentmanagement burden that has been imposed by the
Furthermore, cabinets offer enough storage capacitylack of management software that spanned more than
for most applications and make the investment ex-a single cabinet. This missing management software
pensive, but calculable. did not only include advanced features like snapshot,
The main advantages of enterprise storage systemgemote copy, or the support for RAID sets that span
arise from the fact that the main part of administrating multiple cabinets, but also a unified software inter-
both the devices and the data takes place directlyface to administrate storage cabinets from different
inside the storage systems. This is considered todayendors.
as being safer and easier to handle than a heteroge- These drawbacks are overcome by the introduc-

neous storage environment but hinders the custometion of open systems storage virtualization and SAN
from changing their storage politics or upgrade t0 management environments.

new storage technologies.

This change in storage politics may become nec-

essary, if

« the exponentially growing amount of data even
outgrowths the biggest available storage sys-
tems,

« the customer wants to keep the ability to react on
significant changes of the integrated technology
or include technological innovations, which are
not offered from his storage vendor, or

« the customer wants to integrate additional disk
subsystems from competing vendors, which of-
fer a better price/performance or price/capacity
ratio.

Generally, a company should be given the freedom

of choice in designing its storage infrastructure not tive Specification, SMI-ghat has been defined

only according to its present but also to its future by the Storage Network Industry Association

ﬁer_r;ago_ls]; TTS V;”” lead Itob'?'? eadsy arr]'.d hal;nost un- SNIA. SMI-S defines interfaces that enable the
Imited Inirastructure scalabiiityand a high degree centralized management of different storage de-

of ttechnologu;al ﬂe(;('br']“tyltgat;[ correspond_ t? thef vices under global control and has already been
customer needs abn sblou ecome a m?m opic Tor integrated by many storage hardware and soft-
an enterprise 1o € anle to react properly to rising ware manufacturers like IBM, Brocade, SUN,
costs and technological progress. HDS. and VERITAS

o Open systems storage virtualization as an ab-
straction layer between the representation of the
storage system and their physical implementa-
tion enables the customer to couple multiple
heterogeneous storage systems and to become
independent from specific device vendors, inter-
faces, and connectivity protocols.

o SAN management environments enable the cus-
tomer to administrate their storage area network
from a single console. This management in-
cludes the administration of storage switches,
the partitioning of the storage subsystems, and
the LUN masking. The development of SAN
management environments is leveraged by the
introduction of theStorage Management Initia-

B. Open Systems Virtualization When comparing today’s network based storage
virtualization solutions we can recognize that vir-
A key demand for the acceptance of storage virtu- tualization solutions have evolved from a simple
alization is the way of how the storage systems arepooling of storage subsystems to complete storage
administrated. Besides installation and further systemmanagement environments. Management techniques



like snapshot, remote copy or the support for different storage systems. All critical components inside an
RAID levels have shifted as core components into enterprise storage system are fully redundant, starting
most available virtualization solutions, thus, being from the power supply up to the internal data pathes.
decoupled from a certain hardware cabinet into aOften, these components are available more than
hardware independent software layer ensuring thetwice inside the system, even increasing the reliability
customers freedom of architectural design. Thereforeof them.
storage virtualization is able to keep enterprises im-  The disk failure probability of a JBOD or a simple
mune from becoming captive to a specific vendor or RAID array is equal to the failure probability inside
a proprietary technology. an enterprise class RAID array, but the internal
Virtualization solutions have reached a maturity architecture of a JBOD or even of a mid-ranged
concerning their feature list that easily outperforms RAID system does not contain their sophisticated and
high end storage systems. These features are naéxpensive redundancy. All JBODs and mid-ranged
limited to expensive storage devices but can alsostorage systems in this study contain at least redun-
be used for simpler storage devices, like JBODs ordant power supplies and fans but can not cope with
entry-level RAID arrays. Furthermore, these different arbitrary failures of their internal data pathes. This in-
classes of storage devices inside a single environmengludes broken links between their single subsystems.
can be managed under a single management consol@hese kind of failures appear seldom in productive
This feature list is coupled with a nearly unlimited environments but nevertheless makes them more vul-
scalability and therefore heterogeneous storage fromerable against critical failures then enterprise storage
different vendors can be coupled to form very large systems.

storage pools, delivering the storage capacity for the  This drawback of arrays of JBODs or mid-ranged

next decade. o RAID systems can be overcome by a simple trick
The main advantages of storage virtualization areintroduces in [10]. By encoding the data according to
the following: one RAID level, each data block can be distributed

« Virtualization can span disk subsystems from about multiple storage units. This data encoding can
different vendors and enables the customer tope done in software or hardware. If one of the
purchase the storage systems with the beststorage units fails, the data still can be accessed and

price/performance or price/capacity ratio. reconstructed.
° \/irtua”zation can eaSin Cross |0C8.ti0l’1 bound' These encoding Schemes can be used in two Ways:
aries.

1) Each storage unit is used as a JBOD. All
redundancy is generated in the virtualization
environment.

2) Each storage unit is a simple or mid-ranged
RAID array. The virtualization environment
puts another level of redundancy on top of these
RAID arrays to ensure a protection against the
failure of one of the storage enclosures.

« Virtualization enables unlimited scalability of
the capacity over the boundaries of single cabi-
nets or storage clusters.

« Features like mirroring, snapshots, or replication
can be applied to simple storage devices like
JBODs or simple RAID arrays.

IV. Reliability
The first case ensures the best use of the available

In section Ill we have shown that storage virtu- Storage capacity by only using one level of redun-
alization is able to deliver the same or even betterdancy inside the storage environment. The drawback
functionality than incorporated in enterprise storage of this approach is that the failure of a single disk
systems. These functionality is not only available can put the whole virtualization environment in a
in a proprietary but also in an open environment degraded mode. This overall available performance
and strongly simplifies the management of enterprisein this reconstruction phase is strongly degraded the
wide storage environments. and assuming systems with hundreds of disks, single

Besides scalability and functionality, reliability disk failures may occur quite often.
and availability are two other strengths of enterprise  In the second scheme, the recovery from single



TABLE lll. Performance and cost parameters scaled for 55.9 TByte capacity.

transtec 3000 transtec 6600 Dell EMC IBM IBM

JBOD RAID system  CX200 FASIT 200 ESS 800
Arrays 26 25 26 6 1
Raw Capacity 55.9 57.5 55.9 57.6 55.9
FC ports 26 100 52 12 16
Cache Size / GByte - 50 26 15 32 (max. 64)
Disks 390 400 390 396 380
Processors - 50 52 12 Dual Cluster SMP
Total costs $201,500 $456,250 $493,974  $1,323,960 $1,848,350

disk failures is handled by the hardware RAID units. V. Performance comparison
Therefore, a single disk failure has only a local

impact on the performance. The performance of a fibre channel based SAN

The used scheme depends on the performance anarChiteCture compared to traditional direct attached
reliability demands of the applications running on storage architectures has been one of the main rea-
top of the storage systems. In many cases, even théons for the successful development of storage area
use of JBODs as foundation of a large scale storagehetworks. This performance benefit of a SAN is the
environment seems to be sufficient. Applications with key to many commercial applications, like streaming
higher reliability and availability demands will put an media and database applications.
additional RAID level on top of the hardware RAID ~ Enterprise class storage systems contain a humber
inside the storage units. of technigques to enhance the performance benefits

The performance of the system furthermore de-IIke aggressive cacr_un_g, a h'.gh f|brg_ch<_annel port
number, and an optimized spindle utilization of the

pends on the data encoding. A parity RAID technique . : : )
is able to minimize the additional capacity wastage included hard disks. The caching techniques _help to

but will have a direct impact on the write perfor- reduqe the numbe_r of accesses to the hard d'Sl.(S and
mance. Using data mirroring as additional RAID level the high port density enables the systems to deliver a

imposes nearly no additional performance Ioenaltyhigh peak performance for streaming media access.
One of the most sophisticated features of enterprise

and can even increase the performance in many cases, . S
but needs the double data capacity. storag_e systems is their ability to seamless_ly adapt to
changing access patterns and to a changing number
In most cases, data mirroring on the virtualization of ysed disks by dynamically replacing data blocks
side will be the first choice. Taking into account 1],
that most high availability applications running on ~ ag shown in table lll, the accumulated fibre chan-
enterprise class storage systems are using mirroring,g| port number of a large number of mid-ranged
about two (similar) machines, there will occur no giorage systems can deliver an even better peak per-
additional capacity waste. formance than a single high end storage system and
In all cases, standard RAID encoding schemesthe accumulated cache size is even bigger than the
recover from failures by regenerating the lost data cache size of an ESS 800. Nevertheless there remains
from the remaining disks inside the RAID group. This the question whether the virtualization environment
recovered data is saved on a single spare disk in ds able to utilize the given peak performance and
sequential process. If a complete subsystem fails incaching size of the storage systems.
the virtualized environment, this recovery may take  The evaluation of a number of commercial avail-
a long time. Here, it is sought for new encoding able open systems storage virtualization systems has
schemes which are able to decrease this recovery timshown that most of them lack the ability to adapt to a
up to a theoretical minimum to further increase the changing access pattern or require a manual relayout
benefits of virtualization in high availability environ- of the data blocks, which is very time consuming and
ments. error prone [3].



Not considering the ability to adapt to changing  taglE v Cost Comparison concerning
access patterns can significantly decrease the possible j,tahase table layout maintenance for an
performance of a distributed storage environment.
Both, caching and port density are only helpful, if the
load is evenly distributed about all units in the system.

initial database size of 8 TByte.

Manual table  Optimized virtuali-
layout zation solution

If hot spots are mapped on a limited number of unit_s, Setup 10,000 EUR 2,000 EUR
only the cache and fibre channel ports of these units Annual Maintenance 90,000 EUR 2,000 EUR
can contribute to the overall performance. In contrast, _3 year total 100,000 EUR 8,000 EUR

enterprise storage systems are (in principal) able to

make the total cache size and port number available

to all disks. case that no performance optimization is used on the

To overcome these limitations of commercial vir- Virtualization layer, the initial table layout takes at

tualization solutions, new data distribution techniques least 10 days for the database expert and the storage
have been developed which are able to evenly balanceirtualization expert. The expected costs are about
the load about a heterogeneous SAN [4], [7], [9] and 10,000 Euros. This time and therefore the costs can
which already have been integrated in first solutionsbe reduced to 2 days by applying a performance

[2]. optimized virtualization software.

In the following subsection we will give an ex- Even more critical are the costs for the mainte-
ample for the relevance of performance optimization nance of the database. Assuming an annual growth
inside a storage virtualization environment. of about 50%, both experts are required for about

15 days after each year, so the personal maintenance
A. Optimization of databases costs are estimated to 30,000 Euros after the first year.

These costs scale with each further used gigabyte of

In this subsection we introduce an example how database capacity.
important performance optimization can become. The = Taple IV summarizes the 3 years costs associ-
performance of our example database architectureated with the maintenance of the table layout for a

depends on database with an initial size of 8 TByte. Comparing
« the setup of SQL queries and indices and these cost savings with the costs for purchasing a

« the layout of database tables concerning thevirtualization solution does not seem to be very im-
underlying storage system. pressive. This changes if one takes into account that

The first point mainly depends on the databasethe complexity and therefore the costs for maintaining
designer and cannot be optimized by a storage vir-a table layout increases exponentially with the size of
tualization but the second point can. Conventionally, the database.
the table layout needs to take the underlying physical Based on the the results from table IV and includ-
properties of the storage infrastructure into account toing the exponential growth of complexity, equation
achieve a good performance. This is only possible if 1 describes the cost development for maintaining an
the database designer and the storage system architeoptimal table layout depending on the size of the
work together. The setup of a database with a perfor-underlying database:
mance optimized virtualization architecture is much
easier and it enables the designer to put the necessary Maintainace costs: K - c%‘;ﬁf‘@l’ 1)
number of storage devices into a storage pool and
use the load balancing feature of the virtualization ~where in the following the constamt’ has been
technology to achieve the best possible performancechosen to 100,000 EUR and the constaritas been

Furthermore, the load balancing features ensurechosen tol.2.
an easier administration of databases in case of a Figure 1 shows the influence of this exponen-
changing data volume. This is, quantitative as well astial cost development on different database sizes.
gualitative, measurable. The following table assumesConsidering that many commercial applications, like
a database with a data volume between 8 TB. InMP3-databases, already contain more than one PByte



of data, the requirement for automated performanceReferences
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