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All trademark names are property of their respective companies.  Information contained in this publication has been obtained by 
sources The Enterprise Strategy Group (ESG) considers to be reliable but is not warranted by ESG.  This publication may contain 

opinions of ESG, which are subject to change from time to time.  This publication is copyrighted by The Enterprise Strategy Group, 
Inc.  Any reproduction or redistribution of this publication, in whole or in part, whether in hard-copy format, electronically, or 
otherwise to persons not authorized to receive it, without the express consent of the Enterprise Strategy Group, Inc., is in violation of 

U.S.  Copyright law and will be subject to an action for civil damages and, if applicable, criminal prosecution.  Should you have any 
questions, please contact ESG Client Relations at (508) 482.0188. 

ESG Lab Reports  
 
The goal of ESG Lab reports is to educate IT professionals about emerging technologies and products 
in the storage, data management and information security industries.  ESG Lab reports are not meant 
to replace the evaluation process that should be conducted before making purchasing decisions, but 
rather to provide insight into these emerging technologies. Our objective is to go over some of the more 
valuable feature/functions of products, show how they can be used to solve real customer problems 
and identify any areas needing improvement.  ESG Labós expert third-party perspective is based on our 
own hands-on testing as well as on interviews with customers who use these products in production 
environments.  This ESG Lab report was sponsored by Quantum. 
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Introduction 
 

 
Quantumôs portfolio of disk-based backup appliances has been improving performance and reliability for 
customers since 2002.  In 2007, ESG Lab tested Quantumôs DXi Series of disk-based backup and replication 
appliances designed for mid-sized environments and remote offices. This report examines in detail Quantumôs 
new enterprise-focused DXi7500 platform, featuring ñpolicy-based deduplicationò which allows users to choose 
between deduplication methods. ESG lab also explores the DXi7500ôs role in a full edge-to-core data protection 
solution, focusing on bandwidth-optimized remote replication, physical tape integration as well as performance 
and scalability optimized for data requirements. 

 

Background 
 
A growing number of organizations are turning to disk-based backup and recovery methods to improve the speed 
and reliability of backup and restore operations for ever-expanding volumes of data to be protected.  Disk-based 
systems are inherently faster and more reliable than tape, but they can be significantly more expensive. Data 
deduplication can effectively bring down the expense of disk-based storage and make it more practical. Block-
based data deduplication reduces capacity requirements by examining data at a sub-file level and ensuring that 
only unique data is written to disk.  In other words, when data that has already been seen before is ingested, the 
appliance stores a pointer to the original data rather than storing a new copy of the data.  Data deduplication 
eliminates the need to store multiple copies of the same data over time, dramatically reducing backup to disk 
capacity requirements.   
 
ESG research indicates that no single concern dominates when users are considering data deduplication 
technology.  As shown in Figure 1, compatibility with existing solutions, ease of integration and management, 
performance, and scalability all have significant mindshare with users in the enterprise.  In order to succeed at 
the enterprise level, data deduplication appliances must provide cost-effective scalability, performance and 
flexibility. 
 

FIGURE 1. DATA DEDUPLICATION EVALUATION CRITERIA 
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While deduplication can reduce the cost of the raw storage required to store backups on disk by enabling 
organizations to retain backup data for longer periods of time, integration within the organizationôs ecosystem is 
crucialðrobust management, tape integration, flexible performance and deduplication options are all important 
considerations for enterprises.  The DXi7500 is being positioned by Quantum as an enterprise-class answer to 
these concerns.   

 

Quantum Disk-based Backup 
 

ESG Lab has had the unique opportunity to follow the continued evolution of Quantumôs disk-based backup 

target systems since first testing the DX100 in 2004.  In December 2006, Quantum introduced its DXi3500 and 

DXi5500 midrange disk backup appliances with deduplication and replication; ESG Lab tested these just over a 

year ago.  In last yearôs report, ESG Lab examined overall performance, deduplication rates, and the 

effectiveness of WAN-based remote replication, which leverages deduplication to reduce bandwidth 

requirements.  ESG Lab found that the Quantum approach to this technology, which combines variable-length 

deduplication and built-in hardware compression, delivers dramatic savings in disk capacity when storing backup 

data on disk and provides similar reductions in network bandwidth requirements when replicating deduplicated 

data over a WAN connection.   

 
FIGURE 2. EFFECT OF DATA DEDUPLICATION OVER TIME 

 

 

 

Figure 2 illustrates the effects of data deduplication over time as observed by ESG Lab during testing in 2007.  

Multiple full backups were run and the projected data reduction over thirty days was calculated.  The capacity 

savings achieved by the DXi5500 is represented by the percentage of the total volume of protected data sent to 

the system by the backup application actually stored to disk. In this example, the amount of data stored on disk 

after 30 simulated days was 115 GBðabout 4% of the total 2,699 GB of data backed up after thirty days.  This 

represents a 96% reduction in data storage requirements.  Also confirmed in ESG Labôs 2007 evaluation of the 
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DXi Series appliances were the productsô seamless integration with existing backup environments.  Not only was 

the solution easy to implement, but its easy to use management console made the configuration process very 

straightforward.  The flexibility of the DXi Series was also noteworthy, with support for many different backup 

applications, presentations (NAS and VTL, iSCSI and Fibre Channel), and a wide variety of tape devices. 

 

Since organizations implement disk in the backup process to accelerate backups and restores, performance was 

also tested.  Quantum didnôt disappoint, posting impressive backup throughput and near-instant recovery of files.  

Organizations looking to reduce their reliance on physical tape are also interested in strategies for disaster 

recovery once a backup-to-disk approach is deployed.  The DXi Series was put through a series of tests for VTL-

to-VTL replication over a WAN connection.  Leveraging the deduplication system brought significant optimization 

to WAN bandwidth, making it possible to transport large amounts of data over distance quickly and efficiently. 

 

ESG Labôs validation of the DXi Series in 2007 confirmed Quantumôs claims of simplicity, flexibility, efficiency, 

and high performance.  The highlighted features made a strong argument for backup-to-disk and demonstrated 

how Quantumôs deduplication and replication solutions can provide higher levels of service with maximum cost 

efficiency.  
 

The Quantum DXi7500  
 
The DXi7500 is a disk backup solution for distributed and enterprise environments designed for larger midrange 
sites and corporate data centers.  It uses the same variable-length block deduplication approach and the same 
replication technology as Quantum's other deduplication appliances.  Raw capacity scales from 12 TB (9 TB 
usable) to 240 TB (180 TB usable, with usable capacity expanding soon to 220TB), allowing users to grow their 
system in manageable increments while preserving data, and it offers ingest performance of up to 4 TB/hour.  
Quantum has also incorporated policy-based deduplication in the DXi7500, a unique feature of the companyôs 
enterprise deduplication technology that allows users to choose different modes of deduplication for different 
data sets.  
 
Background 
 
There are two basic approaches to carrying out deduplication: de-duplicating data during the ingest process and 
waiting until after the backup.  Users care about which approach is used because all deduplication includes some 
level of overhead. If deduplication occurs during ingest, that overhead occurs during the backup window and may 
have an impact on performance of the backup.  If deduplication is delayed until after the backup is finished, the 
overhead is incurred outside the backup window and performance of the backup is unaffected.  Until the 
introduction of the DXi7500, all vendors offered either one approach or the otherðQuantumôs DXi7500 is the first 
product to provide users with a choice, letting them decide when to perform deduplication for different data sets 
or backup jobs as well as giving them the ability to turn it off altogether.   A brief summary of each mode and the 
associated use cases follows. 
 
Deduplication during ingest: Quantum calls this policy Adaptive mode.  In this mode, data is deduplicated 
while the backup process is going on.  In Quantumôs approach, the data stream coming into the DXi system 
during the backup process is written first to a disk buffer in small segments and then is deduplicated immediately.  
While the backup is still going on, unique blocks are being identified and added dynamically to the pool of unique 
blocks.  When replication is enabled for a share or partition using adaptive mode, unique blocks are also being 
sent to the replication target at the same time.  Buffering the data stream provides an important distinction from 
conventional in-line deduplication approaches.  The buffer is designed to enable the system to adapt to input 
bursts, maximizing ingest speeds to minimize the backup window.  Deduplication during backup does not require 
that any space be reserved to hold unprocessed backup sets. 
 
The Adaptive mode is best suited to the widest array of situationsðwhen minimal use of disk space is the most 
important consideration, when backup jobs come in bursts, and whenever replication needs to occur as quickly 
as possible.  Applications like e-mail, backup of virtual servers, and edge-to-core replication of backed up data 
from remote offices to centralized sites are all natural applications.  Performance can be very highðThe DXi7500 
can operate at up to 1.8 TB/hour (500 MB/sec) in this mode, validated by ESG Lab later in this report. 
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Deduplication as a post process: Quantum calls this policy Deferred mode.  Deduplication is turned off during 
all or part of the backup ingest period and large data sets are written first in native mode to disk. Deduplication is 
then carried out as a post process operation.  Because deduplication is suspended during initial write operations, 
all the processing power of the system is directed toward raw ingest, providing higher performance and shorter 
backup windows.  The Quantum approach to post processing provides a level of flexibility that many post 
processing systems do not offerðthe ability to schedule the operation.  Quantumôs approach allows users to 
decide when to start the process, letting them defer deduplication until a backup job is finished or choosing to 
start deduplication at a specific time even if the backup is not completed.   
 
The deferred, or post-processing mode, is designed for situations that need the shortest backup window for 
deduplicated data and are able to reserve a disk landing area.  Typical applications include online transaction 
processing (OLTP) systems, active databases, and other business critical applications that must have server 
operations back to full operating power as rapidly as possible.   
 
Native mode operation: Deduplication is disabled.  Although not strictly a deduplication mode, Quantumôs 
DXi7500 allows the use of some or all of the system in a conventional VTL or NAS mode.  Data is stored either in 
native form or using standard compression algorithms without applying deduplication.   
 
Native mode operations make the most sense for data that either does not benefit from deduplication or that will 
not be retained.  Pre-compressed image files or encrypted data sets fit into the first categoryðpre-processing 
data normally makes it difficult to find repeated patterns and severely reduces deduplication effectiveness.  
Database recovery log backups fit into the secondðthese files are important to protect, but once the database 
rolls to the next point in time, they are no longer needed.    
 
The DXi Series products all use the same deduplication technology and can be linked together using replication 
to help users create an enterprise wide edge-to-core backup architecture as depicted in Figure 3.  Like other 
Quantum disk and tape automation systems, the DXi7500 is supported by Quantum Vision, a consolidated 
administration tool for managing multiple Quantum products, monitoring remote replication, and providing trend 
analysis reports for all monitored systems and processes. In addition, the DXi7500 supports the automatic 
creation of physical tapes through an integrated process that bypasses the application server. 
 

FIGURE 3. QUANTUM DXI EDGE-TO-CORE DATA PROTECTION 
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This report explores the features and capabilities of the DXi7500 disk-based backup and replication system. ESG 
Lab tested the DXi7500ôs policy-based data deduplication technology, integrated tape creation capability, WAN 
replication, and user interface.  Quantum Vision, the management system provided for disk, tape, and replication 
operations, was also examined.   

 

ESG Lab Validation  
 
 
ESG Lab performed hands-on evaluation and testing of the DXi7500 disk backup and replication solution at a 
Quantum facility in Englewood, Colorado.  DXi Series products integrate with existing backup software and 
policies as either a Virtual Tape Library or as a NAS disk device.  When operating in virtual tape library mode, a 
DXi disk backup system emulates one or more tape libraries with both drives and cartridges that backup software 
utilizes exactly as it would physical libraries.  When operating as a NAS device, the DXi systems present 
themselves as a CIFS share or NFS mount point.  In this Lab Validation, ESG focused on the DXi7500ôs VTL 
capabilities.   
 

Policy-based deduplication operation 
 
To evaluate policy-based deduplication, ESG Lab backed up the same data set to a DXi7500 in each of the 
different modes to examine the relative differences in performance and operation using the three policies.  Due to 
limitations in the quantity and power of the media servers available for test, these tests were not designed to test 
the absolute performance limits of the DXi7500. 
 

FIGURE 4. THE ESG LAB TEST BED 

 

 

 
Figure 4 shows the test bed used in the hands-on testing described throughout this report.  Testing began with a 
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pre-configured DXi7500ðVTLs were pre-defined and virtual tapes had been created.  ESG Lab used three 
servers: two running Microsoft Windows 2003 and one running RedHat Enterprise Linux configured as 
NetBackup media servers and backup clients.  A Quantum Scalar i500 with two LTO3 drives was directly 
attached to the DXi7500 via Fibre Channel.

1
   

 
ESG Lab Testing 
ESG Lab logged into the DXi7500 console and verified that VTLs were pre-configured in the system; half with 
deduplication enabled and the other half disabled.  Each backup target, whether VTL or NAS, is called a partition 
in DXi terminology and deduplication is enabled on a partition by partition basis.  Figure 5 shows the DXi7500 
web console with the Partition Configuration summary highlighted.  Status and configuration detail for each 
partition is displayed on this screen, including the number of virtual drives, slots, and tapes as well as whether 
deduplication is enabled for each partition.   
 

FIGURE 5. POLICY-BASED DEDUPLICATION 

 

 

 
When creating a VTL for deduplication, the system defaults to Adaptive mode.  To set a partition to Deferred 
mode, the administrator needs to set a óbackup window,ô which is the times between which deduplication will not 
occur.  Figure 6 shows the setting for one partition under test.  A customer would typically set this window to 
match the backup window for the systems being backed up to this partition, allowing backups to occur without 
any impact from deduplication.  As seen in Figure 6, ESG Lab set the window for 6AM to 7PM to ensure that 
deduplication for this partition would not occur during testing, but overnight, while the system was idle.   
 
 

                                                   
1
 Configuration details can be found in the Appendix. 
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FIGURE 6. CONFIGURING DEFERRED DEDUPLICATION 

 

 

 
ESG Lab performed backups of twelve consecutive days worth of real world MS Exchange data provided by 
Quantum IT to test the ability of policy-based deduplication to back up multiple data sets using adaptive, 
deferred, and native policies.  Backups were configured and run from within NetBackup using exactly the same 
methods as with physical tape libraries.   
 

 

                                                   
2
 Source: ESG Research Report,  Data Protection Trends, 2008 

Why This Matters 
 
ESG research

2
 indicates that cost and impact to backup and restore performance are two of the leading 

obstacles to disk-based data deduplicated backup deployments.  Policy-based data deduplication 
addresses both of these issues by reducing the amount of data retained on disk while providing optimal 
performance for different data types as well as backup and retention policies.   
 
ESG Lab has validated that Quantum policy-based data deduplication can be used to reduce disk capacity 
by up to 98% depending on the type of data, the change rate between backups, the backup policies in 
place, and the retention period applied.  ESG Lab tested all three of the DXiôs policy-based deduplication 
modes and found that by applying policies appropriate to data type and corporate policy, customers can 
effectively provide high performance backup services, plus fast and reliable restores using greatly reduced 
disk capacity. This lowers the cost per GB for backup data and enables companies to retain data 
exponentially longer for recovery purposes while minimizing the impact of deduplication on backup 
windows and recovery SLAs.   
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Policy-based deduplication performance 
 
A tape drive can only perform one backup at a time.  To get more than one backup job running at the same time, 
more tape drives need to be added and run in parallel. A disk-based backup and recovery solution with many 
random access disk drives emulating many virtual tape drives (up to 64 for the DXi Series) can run many backup 
jobs simultaneously.  Much like the difference between a DVD and a VHS tape, the random access of disk also 
provides improved performance when locating files to be restored. 
 
ESG Lab Testing 
ESG Lab performed a series of backups using both adaptive and deferred deduplication, as well as native VTL 
mode (no deduplication), to examine the relative performance of a DXi7500 in each mode.  Nightly full backups 
were simulated with data sets collected from a production Microsoft Exchange environment. Veritas NetBackup 
was used to perform backups.  ESG Lab began with one server backing up one stream and gradually ramped up 
the number of concurrent servers and streams to three servers and eighteen streams.   
 

FIGURE 7. DXI7500 PERFORMANCE COMPARISON ACROSS DEDUPLICATION MODES 

 

 

 
Figure 7 shows the first set of backups performed, starting with one server running one stream and scaling up to 
three servers running three streams each.  As expected, Native VTL mode, where no deduplication is taking 
place, shows the highest relative performance, while Adaptive deduplication shows the greatest impact to backup 
performance.     
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ESG Lab also audited Quantumôs in-house testing to validate the maximum performance claimed by Quantum 
for the DXi7500.  Quantum used a 72 TB (usable capacity) system, which is less than half of the maximum 
capacity of a DXi7500i, to conduct these tests.  The testing environment and data sets were similar to those used 
by ESG Lab. The DX7500i was configured as a Fibre Channel VTL in each of the three policy-based 
deduplication modes (Adaptive de-dupe, Deferred de-dupe and Native mode with compression).  A total of four 
powerful host servers running 16 streams were used for testing (four streams per host) and each data set was 
used as a stream to a virtual device on the DXi7500.

3
 

 
Microsoft Exchange data was used as the source for backups and Microsoft Exchange Server Load Simulator 
(LoadSim) was employed as a benchmarking and deployment verification tool to simulate the delivery of multiple 
messaging requests from MAPI clients to a server running Exchange. The backup software and performance 
results were reported through Symantec NetBackup 6.5 and internal logging tools.  Test results obtained by   
ESG Lab and Quantum are shown in Table 1. 
 

TABLE 1. DXI 7500 PERFORMANCE RESULTS ï ESG LAB TESTED AND AUDITED 

ESG lab Tested - 18 TB Usable 

Deduplication Policy Multi-stream Ingest Performance 

 MB/sec TB/Hour 

Adaptive deduplication mode 263 .9 

Adaptive deduplication mode ï 2
nd

 full 297 1.1 

Deferred deduplication mode 467 1.7 

Native VTL Mode with compression 555 1.9 

ESG lab Audited - 72TB Usable 

Deduplication Policy Multi-stream Ingest Performance 

 MB/sec TB/Hour 

Adaptive deduplication mode 500 1.8 

Deferred deduplication mode 889 3.2 

Native VTL Mode with compression 1111 4.0 
 

 
 
What the Numbers Mean 

¶ Performance scaled smoothly in all modes as the number of servers and streams were increased. 

¶ Native VTL mode offered the highest performance, followed by Deferred, then Adaptive mode. 

¶ The difference in performance between each of the methods was negligible at low traffic levels. ESG Lab 
believes that this indicates that most organizations can take advantage of the capacity savings of Quantum 
DXi7500 deduplication without a performance penalty. 

¶ The DXi7500 configuration tested by ESG Lab was able to back up between one and two terabytes of data 
per hour depending on the deduplication policy. 

¶ ESG Lab noted an 11% increase in performance between the first and second Adaptive mode deduplicated 
full backups.  Subsequent deduplications of full backups have less new data to process, but still must 
compare the full backup stream to previously deduplicated data.   

¶ The DXi7500 was able to demonstrate enterprise-class backup performance in an active Microsoft Exchange 
environment typical of many large enterprises. 

¶ The larger number of more powerful servers used in Quantumôs testing were able to drive more than twice 
the IO from the DXi7500 than ESGôs hands-on tests. 
 
 
 

 

                                                   
3
 Configuration details can be found in the Appendix. 
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FIGURE 8. ESG LAB TESTED AND AUDITED PERFORMANCE RESULTS COMPARED 

 

 
 
As can be seen in Figure 8, the DXi 7500 tested by Quantum under extreme load showed similar performance 
differences between deduplication modes as the DXi7500 tested by ESG Lab.   

 

 
 
 

                                                   
4
 Source: ESG Research Report,  Data Protection Trends, 2008 

Why This Matters 
 
ESG research

4
 has found that the number one challenge enterprises report with their data protection 

processes and technologies is the need to reduce backup times. Backup administrators have been 
struggling for years to get nightly backups completed before business resumes in the morning.  Quicker 
recoveries are also cited as needed to increase user productivity and meet service level agreements.   
 
ESG Lab validated through direct test and audit that Quantumôs DXi7500 can easily sustain its specified 
aggregate backup throughput ratings as advertised. In other words, a single Quantum DXi7500 disk 
backup system can be used to protect up to 32 TB of data in an eight hour shift (depending on 
deduplication method) and restore individual files in a matter of seconds. The ability to choose between 
multiple deduplication modes in the DXi Series means that users can meet the protection requirements of a 
large number of different data types with one system, enabling optimal performance for each data set in an 
enterprise while lowering acquisition costs and operational complexity.   


