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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 report was made 
possible through cooperative testing by Enterprise Strategy Group, IBM System x, IBM System Storage, QLogic 
and VMware. This ESG Lab report was sponsored by IBM. 
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Introduction  

Networked storage is being deployed in conjunction with server virtualization by a growing number of organizations 
interested in consolidation, reduced costs, and improved flexibility and availability of mission-critical applications 
including databases and e-mail. ESG research indicates that IT managers looking to reap the benefits of server and 
storage consolidation are concerned about performance. This ESG Lab report presents the results of a new 
performance benchmark methodology designed to assess the real-world performance capabilities of a SAN 
attached IBM System Storage DS5020 Express/DS3950 Express storage system and IBM BladeCenter HS22 servers 
deployed in a highly virtualized, consolidated data center.    

The Challenges 

The use of server virtualization technology is on the rise among organizations of all sizes and in all industries around 
the world.  In a recent ESG survey of current and planned users of the technology, 52% of organizations had already 
deployed, while 48% plan to do so.1 Given the impressive economic benefits of server virtualization, the glut of 
affordable and under-utilized processing power, and growing power and cooling issues in the data center, ESG 
predicts that the brisk adoption of server virtualization will continue for the foreseeable future.   

ESG research indicates that the vast majority (87%) of organizations that have deployed server virtualization have 
done so in conjunction with 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.  

Figure 1. Server Virtualization and Networked Storage Challenges 

 
Source: Enterprise Strategy Group, 2009. 

While the benefits of server virtualization and networked storage are clearly compelling, IT managers are faced with 
a number of challenges as they try to manage a consolidated mix of real-world applications running on a virtualized 
infrastructure.  As shown in Figure 1, the top two concerns are performance and a general lack of information and 
best practices.  This holds true across organizations of all sizes, regardless of the number of virtual servers 

                                                        
1 Source: ESG Research Report, The Impact of Server Virtualization on Storage     
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deployed.  That users would be so concerned with the performance of their infrastructures makes sense given the 
fact that 46% of virtualization users ǊŜǇƻǊǘ ǘƘŀǘ ǘƘŜȅ ŎǳǊǊŜƴǘƭȅ Ǌǳƴ ά¢ƛŜǊ мέ ŀǇǇƭƛŎŀǘƛƻƴǎ ƻƴ virtual machines and 33% 
plan to in the future.  

The Solution 

This ESG Lab report examines the performance of real-world application workloads running in a virtualized and 
consolidated IT environment that leverages the following technologies: 

¶ IBM System Storage DS5020 Express and DS3950 Express storage systems: With high performance that is 
optimized for mixed workloads, the DS5020 Express and the DS3950 Express were designed for modular 
scalability (capacity and/or performance), high availability, and advanced functionality including copy 
services and remote replication.  
 

¶ IBM BladeCenter HS22 servers:   The IBM BladeCenter HS22 is a highly efficient server with extraordinary 
scalability that delivers the ability to add more processing power, memory, or IO needed in virtualized 
environments. 

¶ VMware®   vSphereϰ: Building on the power of VMware Infrastructure, VMware vSphere transforms IT 
infrastructures into a private cloud which enables the automated delivery of IT infrastructure as a service.    

¶ QLogic 8 Gb SAN Switch Module and CFFh and CIOvy form factor FC Expansion cards for IBM BladeCenter:  
Providing  up to 20 ports of SAN connectivity,  the QLogic 8 Gb Fibre Channel switch and expansion card 
infrastructure is designed to deliver sustained high throughput and reliability in highly available virtual 
environments. 

The capabilities of the IBM servers and storage that were used during this evaluation are summarized in Figure 2. 
The IBM BladeCenter H supports up to 14 blade servers, each populated with up to eight Intel Xeon 5500 processor 
cores and 98 GB of DDR-3 RAM.  The IBM System Storage DS5020 Express and the DS3950 Express support up to 
112 drives (FC, SATA, or mixed configurations) and are equipped with up to 4 GB of cache and 8 GB/sec of internal 
bandwidth.  The DS3950 Express is a variant of the DS5020 Express that is available in two pre-configured models.  
The DS5020 Express can be custom configured and adds support for full disk encryption (FDE).  The DS5020 Express 
supports up to eight FC host interfaces and the DS3950 Express supports up to four. 

Figure 2.  IBM Server and Storage Highlights 
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The Results 

This report examines the performance capabilities of IBM System Storage DS5020 Express and DS3950 Express 
storage systems running a mix of real-world applications in a VMware vSphere-enabled virtual server environment 
powered by a pair of IBM BladeCenter HS22 servers.   In particular, this report explores how:  

¶ A single BladeCenter HS22 achieved an excellent VMmark mixed workload score of 24.05@17 Tiles. 

¶ A single DS5020 attached to a pair of BladeCenter HS22 servers running a mix of real-world application 
workloads in 16 virtual machines supports up to:  

ü 8,680 mailboxes using the Microsoft Exchange Jetstress utility 
ü and 3,593 small database IOs per second using the Oracle Orion utility 
ü and 433 MB/sec of throughput for large OLAP Oracle Orion operations  
ü and 3,317 simulated web server IOPs 
ü and 374 MB/sec of throughput for simulated backup/scan/index jobs 
ü with the predictably fast response times and scalability 

¶ Within a vSphere enabled infrastructure, the DS5020 Express achieved a maximum aggregate throughput of 
3.1 GB/sec during bandwidth intensive throughput testing and 1.21 GB/sec during mixed application 
workload testing.   

The predictably fast, mixed workload performance scalability of the virtualized environment tested by ESG Lab is 
summarized in Figure 3.   The results will be explored in detail later in this report, but for now it should be noted 
that the performance of the DS5020 Express scaled extremely well as a mix of real-world application workloads ran 
in parallel on up to 16 virtual machines.  

Figure 3. DS5020 Express Mixed Workload Scalability  

 
 

 The balance of this report explores how mixed workload testing was accomplished, what the results mean, and 
why they matter to your business. 
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ESG Lab Validation  

The real-world performance capabilities of the IBM DS5020 Express were assessed by ESG Lab at an IBM facility 
located in Tuscon, Arizona.   The methodology presented in this report was designed to assess the performance 
capabilities of a single IBM DS5020 Express storage system shared by multiple virtual servers running a mix of real-
world application workloads.  The cooperation of VMware, IBM and QLogic was key to the success of this project.  
Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ǘƘƛǎ ǇǊƻƧŜŎǘ ōŜƴŜŦƛǘǘŜŘ ŦǊƻƳ ±aǿŀǊŜΩǎ ŜȄǇŜǊǘƛǎŜ ƛƴ ƘŜƭǇƛƴƎ ŎǳǎǘƻƳŜǊǎ Ǉƭŀƴ ŦƻǊ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ƻŦ 
business-ŎǊƛǘƛŎŀƭ ŀǇǇƭƛŎŀǘƛƻƴǎ ƛƴ ǾƛǊǘǳŀƭ ǎŜǊǾŜǊ ŜƴǾƛǊƻƴƳŜƴǘǎ ŀƴŘ L.aΩǎ ƭƻƴƎ ƘŜǊƛǘŀƎŜ ƻŦ ǎǳŎŎŜǎǎ in the modular 
storage systems market.  

VMmark 

Conventional server benchmarks were designed to measure the performance of a single application running on a 
single operating system inside a single physical computer. SPEC CPU2000 and CPU2006 are well known examples of 
this type of server benchmarking tool. Much like traditional server benchmarks, conventional storage system 
benchmarks were designed to measure the performance of a single storage system running a single application 
workload.  The SPC-1 benchmark, developed and managed by the Storage Performance Council with IBM playing a 
key role, is a great example. SPC-1 was designed to assess the performance capabilities of a single storage system as 
it services an online interactive database application.   

Traditional benŎƘƳŀǊƪǎ ǊǳƴƴƛƴƎ ŀ ǎƛƴƎƭŜ ŀǇǇƭƛŎŀǘƛƻƴ ǿƻǊƪƭƻŀŘ ŎŀƴΩǘ ƘŜƭǇ L¢ ƳŀƴŀƎŜǊǎ ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘ ƘŀǇǇŜƴǎ 
when a mix of applications are deployed together in a virtual server environment. To overcome these limitations, 
VMware created a mixed workload benchmark called VMmark.  VMmark uses a tile-based scheme for measuring 
application performance and provides a consistent methodology that captures both the overall scalability and 
individual application performance of a virtual server solution. As shown in Figure 4, compared to a traditional 
benchmark, which tests a single application running on a single physical server, VMmark measures performance as 
a mix of application workloads are run in parallel within virtual machines deployed on the same physical server.  

Figure 4. Traditional Benchmarking vs. VMmark Tile-Based Benchmarking 

 

The novel VMmark tile concept is simple, yet elegant.  A tile is defined as a mix of industry standard benchmarks 
that emulate common business applications (e.g., e-mail, database, web server).   The number of tiles running on a 
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single machine is increased until the server runs out of performance.  A score is derived so that IT managers can 
compare servers with a focus on their performance capabilities when running virtualized applications.  

The IBM BladeCenter HS22 used during this ESG Lab Validation has an excellent published VMmark score of 
24.05@ 17 Tiles.2 At a high level, this means that the IBM BladeCenter HS22 did 24.05 times more work than the 
dual processor, single core server that VMware used as a reference when VMmark was first released in 2007.     

A Mixed Real-world Storage Benchmark Methodology  

While VMmark is well suited for understanding the performance of a mix of application running on a single server, 
it was not designed to assess what happens when a mix of applications are run on multiple servers  sharing a single 
storage system.  VMmark tends to stress server internals more than it does the storage system. The methodology 
presented in the balance of this report was designed to stress the storage system more than the servers. Taking a 
cue from the VMmark methodology, a tile-based concept was used.  As shown in Figure 5, each tile is composed of 
a mixture of four application workloads.  Two physical servers, each configured with eight virtual machines, were 
used to measure performance as the number of active tiles was increased from one to four. 

Figure 5. ESG Lab Tile-Based Storage Benchmarking 

 

 

The difference between the server-focused VMmark benchmarking and storage-focused ESG Lab benchmarking is 
shown in Figure 6.  Note how VMmark testing is performed with a single server, often attached to multiple storage 
systems. As a matter of fact, the IBM BladeCenter HS22 VMmark results presented earlier in this report were 
achieved with a pair of IBM System Storage DS4700 arrays.3   In other words, when vendors publish VMmark 
results, they make sure there is plenty of storage available so they can record the highest VMmark server score.  
This provides IT managers with a fair comparison of the performance capabilities of competitive server 
technologies.  

                                                        
2 The full disclosure for the IBM BladeCenter HS22 report is available at http://www.vmware.com/files/pdf/vmmark/VMmark-IBM-2009-06-30-

HS22.pdf. To learn more about VMmark, including a full list of published results, go to http://www.vmware.com/products/vmmark/  
3 The IBM System Storage DS4700 is the previous generation of the IBM System Storage DS5020 examined by ESG Lab in this report.  
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ESG Lab storage-focused benchmarking uses a different approach. Instead of testing with a single server and more 
than enough storage, multiple servers are attached to a single storage system.  Rather than running application 
level benchmarks which stress the CPU and memory of the server, lower level industry standard benchmarks are 
used with a goal of measuring the maximum mixed workload capabilities of a single storage system.   

Figure 6. Server-focused VMmark vs. Storage-focused ESG Lab Benchmarking 

 

Mixed Workloads 

Industry standard benchmarks were used to emulate the IO activity of four common business application 
workloads: 

¶ E-Mail: The Microsoft Jetstress utility was used to generate e-mail traffic.  Similar to the Microsoft 
LoadSimm utility used in the VMmark benchmark, Jetstress simulates the activity of typical Microsoft 
Exchange users as they send and read e-mails, make appointments, and manage to-do lists.  The Jetstress 
utility is however a more light-weight utility than LoadSimm. Using the underlying Jet Engine database, 
Jetstress was designed to focus on storage performance. 

¶ Database: The Orion utility from Oracle was used to generate database traffic. Much like Jetstress, Orion is 
a lightweight tool that is ideally suited for measuring storage performance.  Orion was designed to help 
administrators understand the performance capabilities of a storage system, either to uncover 
performance issues or to size a new database installation without having to create and run an Oracle 
database. Orion is typically used to measure two types of database activity: response-time sensitive online 
transaction processing (OLTP) and bandwidth sensitive online analytic processing (OLAP). 

¶ Web Server:  The industry standard Iometer utility was used to generate web server traffic. The IO 
definition was composed of random reads of various block sizes.  The web server Iometer profile used for 
this test was originally distributed by Intel, the author of Iometer. Iometer has since become an open 
source project.4  Iometer tests were performed on Windows physical drives running over VMware raw 
mapped devices. 

                                                        
4 Web server Iometer (www.sourceforge.net/projects/iometer) workload definitions are included in a results file excerpt as Figure 13. 


































