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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 
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(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 Lab‘s 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 NetApp. 
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Introduction 
 
Relentless data growth creates a number of challenges for today’s IT organizations—most notably, how to 
contain storage-related costs by reducing capacity requirements. One way to tackle this problem is to reduce the 
amount of redundant, or non-unique, data that is retained on storage systems using data deduplication 
technologies. ESG Lab evaluated NetApp’s data deduplication support for its FAS line, focusing on three 
business applications: server virtualization, backup and archival.  
 
Background 
Forward-looking IT managers are using data deduplication technologies to deal with the “capacity bloat” problem 
that is all-too-common in today’s organizations. These technologies minimize the amount of non-unique data that 
is ultimately written to disk and moved over the network. In doing so, data deduplication becomes a game-
changing technology for secondary storage applications such as backup and archive.  
 
ESG Research surveyed 398 North American IT decision makers about their organization’s current and planned 
use of various data protection technologies and processes.1 Based on the information collected in this survey, 
ESG concluded that 43% of respondent organizations currently utilize or plan to use some type of data 
deduplication technology to eliminate redundant data. And usage of these types of solutions is expected to 
increase significantly.  
 

FIGURE 1. DATA PROTECTION USAGE/INTEREST IN DATA DEDUPLICATION TECHNOLOGIES 

Please rate your usage of / interest in 
data deduplication

(Percent of respondents, N=342)

Not familiar with 
this technology, 

16%

Not currently using 
and no plans to do 

so, 41%

Not currently using 
but plan to do so, 

32%

Currently using, 
11%

 
 
While data deduplication is a relatively new technology, adoption is strong and growing.  Though expected 
deduplication ratios will vary from organization to organization, 64% of current deduplication users surveyed by 
ESG said they have experienced a capacity reduction ratio of ten to one (10:1) or greater. Clearly, organizations 
that have not deployed or evaluated deduplication technologies are missing a golden opportunity to improve the 
efficiency of their storage environments. 
 

                                                      
1 ESG Research:  Data Protection, January 2008 
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Block Level Data Deduplication 
 
Data deduplication technology reduces the capacity required to store redundant data.   To illustrate the power of 
data deduplication technology, consider the example shown in Figure 2.  Redundant copies of files (Word, 
PowerPoint, Excel and PDF) have been created. Data deduplication recognizes and eliminates the redundant 
data and stores only the unique files.   
 
Consider what happens when one of the copies of the PowerPoint file has been sent via e-mail to a number of 
team members. One of the recipients makes changes and forwards the updated presentation to the team.  Block 
level data deduplication technology recognizes the changes and saves a single copy of the file along with 
pointers to saved blocks.  The capacity required for many copies of the same PowerPoint file, and the changed 
version, has been reduced significantly.  
 
 

FIGURE 2. BLOCK LEVEL DATA DEDUPLICATION   
 

 
 
 
Block level data deduplication technology has become popular in recent years due its ability to significantly 
reduce the capacity required to store backup data on disk.  Block level deduplication works well with backup data 
because a series of nightly backups tends to store copies of data that is mostly the same.   
 
Block level data deduplication is built into a number of specialized backup to disk appliances. Working with 
existing backup software and policies, these specialized appliances are attached to a backup server via an 
Ethernet network using a network mounted file system (NAS) or as a virtual tape library via Fibre Channel.  With 
a new-found ability to cost effectively retain a month or more of backup data on disk, backup administrators have 
begun to use block level deduplication as a cost effective way to keep a month of more of backup data on disk 
for quicker backups and restores.  NetApp has extended the reach of this valuable technology by adding block 
level data deduplication to its core FAS storage system product line.    
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NetApp deduplication for FAS  
 
NetApp added data deduplication support to its flagship FAS storage system product line as shown in Figure 3.  
Data deduplication is implemented within Data ONTAP software running on FAS storage controllers.   Redundant 
data housed on hard drives within a FAS disk enclosure is identified and eliminated as a scheduled background 
task.  This capability, referred to in the industry as a post-processing data deduplication approach, mitigates any 
performance penalties associated with an inline approach which performs deduplication as data is stored.   
 

FIGURE 3. NETAPP DEDUPLICATION FOR FAS 
 

 
 
As a core capability built into FAS storage systems, NetApp Deduplication for FAS extends the benefits of data 
deduplication beyond the backup realm. Offered as a no charge software feature included in the latest release of 
Data ONTAP, tens of thousands of existing NetApp customers can reduce disk capacity as data is created, 
distributed, backed up and archived.   NetApp deduplication has become increasingly popular for more than 
backup data. A particularly compelling example explored in this ESG Lab report is the use of NetApp 
deduplication to reduce the capacity required to store VMware ESX server virtualization images (vmdk files).   
 
 
 

ESG Lab Validation  
 
ESG Lab performed hands-on evaluation and testing of the NetApp deduplication for FAS at a facility in 
Research Triangle Park, North Carolina.  ESG Lab testing was focused on the capacity savings and lack of 
performance impact associated with deduplicating virtual server, backup and archive data residing on FAS 
Series storage systems.    
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Virtual Server Images  
 
Server virtualization benefits immensely from the use of networked storage. Compared to islands of direct 
attached hard drives, utilization is greatly increased when applications share a pool of networked storage. 
Applications deployed on virtual machines sharing a pool of storage are more mobile and available than those 
deployed on direct attached hard drives. Virtual machines attached to networked storage can be moved between 
physical servers for enhanced serviceability and flexibility. Consolidating servers and storage using server 
virtualization and networked storage has a number of benefits: 
 

• The number of servers and direct attached hard drives is reduced 
• Increased server and storage utilization reduces capital equipment costs 
• Space, power and cooling  requirements are eased 
• Centralized management reduces complexity  
• Virtual machine mobility and a shared pool of storage enhances availability and serviceability 

 
VMware Virtual Server Infrastructure version 3 introduced the ability to store virtual server images (a.k.a. vmdk 
files) on network attached storage using the NFS protocol.  This extended the consolidation, serviceability and 
availability benefits listed above to the operating system and application images previously stored on internal 
hard drives (e.g. the C: drive on a Windows server).   As the number of virtual machines deployed in a data 
center grows, copies of mostly the same data stored within vmdk images are a great candidate for NetApp 
deduplication for FAS.    
 
As an example, consider three virtual machines that have been consolidated onto a single physical server using 
server virtualization as shown in Figure 4.  The internal storage used to store local operating system and 
application executables have been consolidated onto a single NetApp FAS storage system. After the virtual 
machines were deployed, NetApp Deduplication for FAS was used to reduce the disk capacity required to store 
virtual server images. In this example capacity was reduced by a factor of three to one.       
 
 

FIGURE 4.  DEDUPLICATING CONSOLIDATED VIRTUAL SERVER IMAGES 
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ESG Lab Testing 
ESG Lab tested the capacity savings that can be achieved by deduplicating a series of VMware vmdk images 
stored on a NAS attached FAS storage system.  Three physical servers running VMware Virtual Server 
Infrastructure version 3.0.1 were used to create 15 virtual machines (five per server).  Each virtual machine 
running the Microsoft Windows XP operating system was configured with a 10 GB C: drive for the operating 
system and a 15 GB E: drive for application data. 2 
 
The disk capacity consumed for the 15 vmdk files residing on a FAS3070 storage system was monitored before 
and after the NetApp deduplication for FAS utility was run from a NetApp command line interface.  The results 
are shown in Figure 5. 
 

FIGURE 5. REDUCING VIRTUAL SERVER IMAGE CAPACITY WITH NETAPP DEDUPLICATION FOR FAS 
 

 
 
What the Numbers Mean 
 

• The level of capacity reduction that can be expected in production environments will vary depending on 
the number of virtual machines sharing the same FAS storage system and the degree of data sameness 
between virtual machines. In this example there were relatively few virtual machines (15) with a high 
degree of data in common (each of the machines was running the same operating system and 
application).  

• As tested by ESG Lab, the amount of disk capacity was reduced from 382 GB to only 12 GB. 
 

                                                      
2 Configuration details can be found in the appendix. 

Why This Matters 
 
Virtual server images stored on an NFS attached storage system improves the reliability, serviceability 
and availability of applications running on virtual machines. Virtual server images typically contain many 
copies of the same operating system and application images.  NetApp deduplication for FAS eliminates 
redundant virtual server image data freeing valuable disk capacity for other purposes. ESG Lab testing 
with 15 virtual machines spread over 3 physical servers indicates that capacity can be reduced by a 
factor of 32:1.   
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Backup to Disk  
 
A growing number of organizations are embracing disk-based backup solutions to improve backup performance, 
eliminate tape media management issues and improve the speed and reliability of recovery operations.   With the 
same data being backed up over and over again, data deduplication can be used to drastically reduce backup 
disk capacity.   
 
Consider an organization performing nightly full backups as shown in Figure 6. The second full backup 
processes the same data as the first full backup plus a bit of new capacity created since the last backup was run.  
Using one percent as a typical daily change rate, this means the second full backup processes data that is 99% 
the same as the first backup.  The amount of duplicate backup data increases dramatically as the number of full 
backups retained on disk is increased. 
 
 

FIGURE 6. WHY BACKUP IS A GREAT CANDIDATE FOR DATA DEDUPLICATION 
 

 
 
A similar phenomenon occurs when a more typical weekly full, daily incremental policy is in force. Assuming you 
want to keep a month or more of backups on disk for quick and reliable restores, the weekly full backups will 
have duplicate data as shown in Figure 6. The daily incremental backups will also contain some amount of 
duplicate data as some of the data backed up each night is found within duplicate backup data already stored on 
disk.     
 
Data deduplication eliminates redundant backup data for savings up to twenty to one, or more depending on the 
backup policies in use, the number of backups retained on disk and the applications being backed up.  NetApp 
deduplication for FAS can be used to create a network attached drive that is presented to backup software. 
Existing backup software and policies are used without modification after redirecting backup software to a FAS 
file system. There is little to no performance impact to backup jobs as NetApp deduplication is run as a 
scheduled background process after backup jobs have completed.  
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ESG Lab Testing 
ESG Lab measured the capacity savings that can be achieved over a series of 30 full backup operations using 
NetApp deduplication for FAS and CommVault backup software.  The initial data set backed up was composed 
of 100 GB of corporate home directory data (documents, spreadsheets, presentations, etc.).  The NetApp 
developed “datamanip” utility was used to modify 5% of the data by 50% and grow the dataset by 2% to simulate 
changes between each full backup. A pair of NAS attached NetApp FAS2050 storage systems were used to 
house the home directory data and store the backup data as shown in Figure 7.  
 
 

FIGURE 7. BACKUP TEST ENVIRONMENT 
 

 

 
 
ESG Lab measured the capacity consumed before and after running NetApp deduplication for FAS as a 
scheduled background task. After nine backup jobs had been run, the capacity savings for a 30 day retention 
policy were projected. The results are shown in Figure 8 with capacity savings reported by the NetApp command 
line interface for the first nine backup shown as a solid line. The projected savings for a month of full backups 
retained on NetApp FAS is indicated with a dotted line.     
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FIGURE 8. BACKUP CAPACITY SAVINGS 
 

 
 
What the Numbers Mean 
 

• The total amount of data that CommVault software sent to disk over the course of 30 full backups was 
4,072 GB.   This capacity, shown in blue in Figure 8, is the amount of disk capacity that would be needed 
to retain a month’s worth of full backups on a backup to disk solution that didn’t support data 
deduplication.   

• NetApp deduplication for FAS reduced the disk capacity from more than 4 terabytes (4,072 GB) to only 
206 GB.  

• The amount of capacity reduction that can be achieved with NetApp deduplication for FAS will vary 
according to the backup policy in effect, the number of backups retained on disk and the type of data. In 
this environment, capacity was reduced by a factor of twenty to one (20:1).  

 
 

Why This Matters 
 
ESG research indicates that the leading obstacles to disk-based backup implementation have been cost 
and performance.  Data deduplication changes the economics of backup to disk by reducing the amount of 
data stored.  Reducing capacity requirements makes it possible to retain more backup data on disk for 
longer periods of time. ESG Lab testing indicates that NetApp block level data deduplication can be used 
to reduce disk capacity by a factor of up to 20:1 after 30 full backups.  
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Archival 
 
Spurred on by existing and new regulatory compliance, corporate governance, litigation support, records 
management and data management requirements, more and more companies are storing greater amounts of 
digital content.  As a result, a growing number of organizations are using archival technologies to move aged 
data assets to a more cost effective tier of storage. Organizations are not only archiving data for compliance 
purposes, but also for IT efficiency and cost control—decreasing operational costs and reclaiming storage 
capacity.  Figure 9 presents an ESG Research forecast for the worldwide cumulative capacity of archived 
electronic information through the year 2012.3    
 

FIGURE 9. DIGITAL ARCHIVE CAPACITY FORECAST 
 

 

 
ESG’s research reveals that unstructured content—such as documents, images, multimedia content and Web 
pages—is generating significantly greater capacity requirements than e-mail or database-related content. ESG 
believes this is due to two factors. First, this is a very broad category of content, encompassing hundreds—if not 
thousands—of applications and file types. Second, the sheer volume of data created by applications such as 
video must be taken into consideration.  Taken together, ESG predicts that email, database and unstructured file 
archive capacity will reach a staggering 90,000 petabytes (90 million terabytes) by 2012. 
 
Archive capacity is a great candidate for NetApp deduplication for FAS.  Growing volumes of archive data are 
likely to contain more and more copies of the same data.  With capacities growing at alarming rates as indicated 
in Figure 9, reducing archive capacity with data deduplication can be used to significantly reduce the cost of 
capacity. Put simply, NetApp deduplication for FAS enables organizations to keep more data on disk for longer 
periods of time.  
 
ESG Lab Testing 
ESG Lab measured data deduplication capacity savings over a simulated year of monthly archive activity.  
Approximately 100 GB of general purpose business files culled from NetApp corporate home directories were 
used during this phase of testing. The data set was manipulated to simulate an annual data growth rate of 60%. 
                                                      
3 Source: ESG Research: Digital Archiving Survey, November 07 
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Monthly archive jobs were simulated to perform the savings achieved by archiving 5% of available capacity at the 
end of each month. The growth and archival rates were by achieved by adding and deleting user accounts each 
month.  The capacity consumed for the archive volume before and after deduplication was measured for the first 
six months and projected for the balance of the year.    
 

FIGURE 10. ARCHIVAL CAPACITY SAVINGS 
 

 
 
What the Numbers Mean 
 

• The difference between the data archived and the data stored is the capacity savings provided by 
NetApp deduplication for FAS.  

• In this example, capacity savings of 19% were realized over the course of a simulated year of archival 
activity.  

• A similar rate of savings was measured for the home directory data housed on a FAS system running 
deduplication once a month.  

Why This Matters 
 
ESG Research recently completed a survey on digital archiving where respondents identified the top reasons 
for utilizing a disk-based scale-out strategy as data growth, risk mitigation and legal compliance. 4  As more 
and more data is archived, the amount of redundant data continues to grow as well.  NetApp deduplication for 
FAS reduces the amount of capacity needed to store archived data by eliminating duplicates blocks of data.  
Reducing capacity requirements lowers the cost of storage capacity so that more data can be kept on disk for 
longer periods of time. ESG Lab measured a capacity reduction of 19% over the course of a year of 
simulated archive activity.  
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Performance Analysis  
 
NetApp uses a post-processing approach to data deduplication. With this approach, the CPU intensive task of 
comparing blocks to find redundant data can be avoided during peak periods of activity.   Deduplication can be 
triggered automatically based on volume growth rate, be scheduled as a recurring task (e.g. after a nightly 
backup job), or run on an "as needed" basis (e.g. after cloning a number of virtual machines). As deduplication 
jobs are running, NetApp uses a variety of optimization techniques to identify duplicates as quickly as possible.     
 
NetApp Deduplication for FAS was designed to have minimal impact on performance during normal operations. 
Leveraging the Data ONTAP write anywhere file system (WAFL), write operations on a deduplicated volume are 
fast and efficient. Read operations leverage the pointer-based algorithms that fuel NetApp’s renowned family of 
snapshot utilities.  
 
ESG Lab Testing 
The VMware configuration with 15 virtual machines running on three physical servers described previously was 
used to analyze the performance of NetApp deduplication on a FAS model 3070 system with 15K RPM FC 
drives. Three IBM blade servers with 8 GB of RAM per physical server and 1 GB of RAM per virtual machine 
were configured.    
 
A write intensive simulated archive workload composed of 100% sequential 8KB writes was directed at virtual 
machines using the industry standard IOMETER workload generator and performance measurement tool.5  
Performance was analyzed before and after the NetApp Deduplication for FAS utility had been run. The results 
are shown in Figure 11. 
 

FIGURE 11. WRITE INTENSIVE ARCHIVE WORKLOAD ANALYSIS  
 

 
 
What the Numbers Mean 

• Response time is what users are complaining about when an application feels slow.  
• A negligable performance impact of a tenth of a millisecond per I/O transactions that can’t be perceived 

by an end user was measured for a write intensive archive workload. 
 
 

                                                                                                                                                                                       
4 Source: ESG Research Report,  Digital Archiving, November 2007 
5 http://sourceforge.net/projects/iometer/ 
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ESG Lab tested a simulated file server workload directed at virtual machines. Performance was analyzed before 
and after the NetApp Deduplication for FAS utility had been run. The results are shown in Figure 12.  
 
 

FIGURE 12. FILE SERVER  WORKLOAD ANALYSIS  
 

 

 
What the Numbers Mean 

• In this example, ESG Lab tested a file system workload to determine the performance impact of NetApp 
deduplication for an application running on a primary tier of storage within a virtual server environment.  

• The number of transactions, in this case I/O’s per second, is a measure of the amount of work that the 
storage system can perform in parallel.  

• A general purpose file system workload running on a deduplicated FAS volume processed 86% as many 
transactions as a volume that was not deduplicated.  

 
 

Why This Matters 
 
Recognizing duplicate data is a CPU intensive task that can have an impact on performance. As a result, 
block level deduplication has been implemented only within specialized backup to disk appliances until 
recently. NetApp has taken a different approach to deduplication to extend the benefits of deduplication to 
any application running on a FAS storage system including disk to disk archival and the space efficient 
storage of virtual server images.  
 
NetApp deduplication for FAS is a background process that can be configured to run automatically, 
scheduled, or run manually through the command-line interface.  Tightly integrated with Data ONTAP and 
the WAFL file structure, complex hashing algorithms and look-up tables are not required. Instead, the 
internal characteristics of Data ONTAP are leveraged to create and compare digital fingerprints, redirect 
data pointers, and free up redundant data areas, all with a minimal amount of performance impact.   ESG 
Lab measured a negligable response time impact of 3.7% for a write intensive near-line archival workload 
and a manageable 13.6% transaction impact for a general purpose primary file system workload.   
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ESG Lab Validation Highlights 
       
 

 The capacity required to store 15 VMware virtual machine images was reduced by a factor of 32:1 with 
NetApp deduplication for FAS.     

 NetApp deduplication for FAS reduced disk capacity requirements by a factor of 20:1 for a month’s worth 
of CommVault full backups.  

 Simulated monthly archival of home directory files resulted in a capacity reduction of 19% over the 
course of a year.  Similar savings were achieved when deduplication was run on primary home directory 
data.  

 Performance tests run against an application data set residing within VMware virtual server images 
housed on a deduplicated FAS volume revealed a negligable response time impact of 3.7% for a write 
intensive archive workload and a manageable 13.6% transaction impact for a general purpose primary 
file system workload.   

 
 

Issues to Consider 
 
 

 NetApp deduplication for FAS delivers a wide range of capacity savings depending on the applications, 
data types and processes used to store and protect data on disk. The expectations around data 
deduplication capacity reduction ratios can sometimes muddy the value.  If a vendor tells you that 20:1 is 
the average and you experience 2:1, why is that bad?  If you can free up half of your capacity by 
removing duplicates—especially on primary storage—that is a good thing.  With that as the starting point, 
anything more is great. The NetApp space savings estimation tool (SSET) can be run on any FAS, NFS 
or CIFS volume to estimate the level of expected capacity reduction.  

 NetApp provides a suite of capacity efficient technologies that are really good at not creating duplicates 
to begin with (e.g. snapshots and flex clones).  Adding data deduplication ensures even greater capacity 
efficiency.  For maximum efficiency, NetApp recommends that data deduplication jobs be run before 
snapshots are created to avoid locking pre-deduplication data within snapshot images.  

 Leveraging the experience that NetApp has gained with hardware-based compression in their VTL 
product line, compression support working in concert with a future release of NetApp deduplication for 
FAS could be used to magnify the level of capacity reduction.   For the same reasons, NetApp should 
incorporate data deduplication support in its virtual tape library product line.  

 Some backup and archival application sometimes pre-filtered so that redundant data is minimized before 
archiving.  CommVault Simpana for example, offers data deduplication at the file level.  Depending on 
the method used, data deduplication rates could be lower or higher than the examples given. 
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ESG Lab’s View 
 
 
Organizations faced with increasing storage capacity requirements often find themselves in a Catch-22. They are 
not only being asked to keep data online longer to meet service level agreements and recovery objectives, but 
also being told to keep the budgets in check. NetApp deduplication for FAS significantly changes the economics 
of storage capacity and, as such, enables levels of efficiency above and beyond what’s possible without it.  Best 
of all, data deduplication offered by NetApp is built into the latest version of FAS Data ONTAP software at no 
charge.  
 
NetApp deduplication adds yet another valuable capability to its FAS product line. Data deduplication is a 
landscape changing technology that results in quantitative and operational value. Customers save money and 
get faster and more reliable data storage and protection. Although the physical nature of the data has been 
altered in order to reduce capacity, it is transparent and, from the users’ and applications’ perspectives, the data 
remains logically intact.   
 
NetApp deduplication reduces capacity requirements, regardless of how data is stored on a FAS storage system. 
Application transparency ensures that any type of data can be optimized by reducing duplicate blocks.  The value 
of data deduplication is easy to quantify. Regardless of whether you can reduce the amount of capacity to store 
data by 20 percent or a factor of twenty to one, you can get your calculator out and put a dollar amount to the 
cost savings. Since you are using fewer disks, you are also creating less heat and drawing less power.  
 
While most data deduplication is performed on a secondary tier of storage for backup data, NetApp deduplication 
has been designed for use with primary storage, including VMware virtual server images. Hundreds of NetApp 
customers have proven that it saves lots of capacity with little to no performance impact. By leveraging the 
strengths of the WAFL file system using pointers, logs and background processing to minimize performance 
overhead, ESG Lab has validated that NetApp’s data deduplication can be used to reduce VMware vmdk file  
capacity by a factor of 32 to 1.   
 
ESG Lab applauds NetApp’s forward looking strategy of building data deduplication into its flagship FAS Series 
storage system lineup.  As the first solution designed to extend the value of data deduplication beyond backup 
and into tiers of primary storage, NetApp deduplication for FAS reduces disk capacity as data is created, 
distributed, protected and archived.    
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Appendix 
  

 
Table 1.  TEST CONFIGURATION 

          
NetApp FAS Storage System NetApp FAS2050 (39 144GB 15K FC Disks) 

Data ONTAP 7.2.4 
Physical Servers Four IBM Blade servers (Model: HS20) 

CPU: Dual 3.2 MHz;  Memory:  8 GB 
Server Virtualization software  VMware Virtual Server Infrastructure 3.0.1 
Virtual Machines Windows XP Professional 2002, SP2, 1 GB RAM  
Ethernet switching Cisco Catalyst 4948 
Backup Software  CommVault Galaxy Version: 7.0  (Build 76 0507) 
Workload generator IOMETER Version: 2004.07.30 
File Server workload  Intel distributed file server: 80% random reads with 

access sizes between 512 bytes and 64 KB 
weighted heaviest (60%) towards 4 KB accesses,  3 
workers 

Archival  workload  100 % sequential write,  12 workers 
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