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Executive summary 

Infrastructure convergence enables organizations to overcome the inflexibility and high costs created by IT sprawl to shift 

resources away from operations to foster innovation and drive strategic initiatives that will grow the business. Server 

virtualization is a fundamental element of that convergence. To gain the full benefits of virtualization, it is critical to deploy a 

storage infrastructure designed for the specific needs of virtual and cloud data centers.  

When supported with the correct underlying storage platform, server virtualization delivers increased infrastructure 

consolidation, administrative efficiency, business continuity, and cost savings. The right storage choice will provide the 

flexibility to handle not only today’s demands, but to serve as the foundation for the evolution and expansion of a data 

center into the future. Taking the right actions today can help maximize infrastructure efficiency and provide the flexibility  

to keep up with the dynamic and consolidated nature of virtualized server environments. 

The storage platform must deliver high performance and use its capacity efficiently—an even more important requirement 

for anyone using flash drives. Storage must also be modular and scalable, to enable purchasing only what is needed,  

when it is needed. No single point of failure should exist, and failed components must be replaceable without interruption  

of service.  

Poorly architected and traditional SAN storage struggles to meet the performance and agility needs of a virtualized server 

environment. HP 3PAR StoreServ Storage was designed for virtualization, enabling it to help remove the management, 

provisioning, and monitoring headaches of VMware® vSphere environments.  

This paper examines some of the specific architectural advantages that enable HP 3PAR StoreServ Storage to improve the 

return on investment (ROI), performance, and reliability of VMware vSphere deployments. Examples include the use of 

massive parallelization to deliver exceptional performance and the inclusion of high-availability features for superior 

resilience in any HP 3PAR Storage system, from mid-range to all-flash to enterprise storage. 

Target audience: This white paper is intended for IT administrators and solutions architects planning a virtualization 

deployment with VMware vSphere and HP 3PAR StoreServ Storage system. Some advance knowledge of HP 3PAR 

StoreServ Storage architecture will be required; for a better understanding of the findings presented, review the following 

documents before reading this white paper: 

HP 3PAR StoreServ Storage Concepts Guide 

HP Storage Thin Technologies 

This white paper describes testing performed in September 2014. 

Disclaimer 

The configurations in this guide are HP-recommended configurations. These configurations are provided as a reference 

only, because customer configurations will vary due to specific needs. The memory, processor amount and speed, and I/O 

storage recommendations stated here are the minimum recommended amounts. 

Introduction 

HP delivers a comprehensive portfolio of server, storage, and networking solutions well suited for virtualization. This white 

paper focuses on the storage aspects of virtualization using HP 3PAR StoreServ Storage array and focusing on VMware 

vSphere. HP 3PAR StoreServ Storage is a mid-range to enterprise-level storage solution that supports mixed application 

workloads, multi-tenancy requirements, converged protocols, and Fibre Channel (FC) storage networks. The capabilities 

described in this paper extend to the entire HP 3PAR StoreServ product family, which includes mid-range, all-flash, and 

enterprise storage models. The test environment used to produce the findings presented in this white paper consists of  

an HP 3PAR StoreServ 7000 configured with nearline, Fibre Channel, and solid-state drive (SSD) tiers. 

http://h20564.www2.hp.com/bc/docs/support/SupportManual/c03606434/c03606434.pdf
http://www8.hp.com/h20195/v2/GetDocument.aspx?docname=4AA3-8987ENW
http://www8.hp.com/us/en/products/disk-storage/product-detail.html?oid=5335712
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VMware vSphere Virtualization and its demands on storage 

Server virtualization is defined as the ability to run multiple virtual machines (VMs) on a single physical server, where the 

hypervisor decouples resources—including memory, CPU, and network and storage devices—from the physical server and 

creates a virtual stack of hardware for the creation of virtual machines. Encapsulating the virtual machine (operating 

system, application, data, and configuration settings) into a set of files allows multiple copies of the virtual machine to be 

created for business resilience and disaster recovery. Server virtualization ultimately enables dynamic flexibility while 

decreasing the economic and operational issues of infrastructure silos.  

The resulting logical resource pool helps to reduce single points of failure, reducing vulnerabilities and improving  

resource use. However, to gain the benefits of the advanced data mobility functions between vSphere clusters of servers 

and storage resources, a networked storage environment must exist to facilitate automated and streamlined storage  

data management. 

In today’s data centers, system redundancy and business continuity are enabled by virtualization features (for example, 

VMware High Availability, vMotion, vSphere Replication, and vCenter Site Recovery Manager) that work with and enhance the 

flexibility of the storage platforms. The data storage infrastructure is a critical building block in this scenario. VMware 

vSphere offers key high availability and business-continuity functionalities that rely on the underlying networked storage. 

Workload impact on storage 

Virtualized workloads create their own unique performance challenges, caused by the consolidation of multiple servers to a 

single physical host. In the past, each workload was on its own server with individual storage and network I/O channels to 

the shared storage device. In most traditional data centers, the majority of servers had only modest storage I/O 

requirements. At any given time, no unusual stress was placed on the network. When and if there was a high level of 

storage I/O activity, it could be easily identified and addressed for the particular workload, making server and workload  

I/O demands more predictable. 

The virtualized server environment is different. Multiple servers with modest I/O needs are consolidated into virtual 

machines on just a few physical hosts. The I/O demand of each of these now-virtual servers still exists, but is now combined 

into a single host server with fewer total ports and less I/O bandwidth, resulting in a single physical server with the potential 

for very high I/O density. 

Performance becomes a primary concern because every host on the SAN is making I/O requests for multiple virtualized 

servers and workloads simultaneously. Because of the performance limitations of traditional IP-based protocols in large 

virtualized environments, hosts need to have a limit on the number of virtual machines they can support. Additionally, in 

these environments, more demanding tier-1 applications may seldom be virtualized because of concerns over their 

performance and their potential for impact on the performance of neighboring virtual machines. While tagging of VMs can 

help assure the service levels of particular virtual machines, giving them priority access to storage I/O channels, it adds 

another layer of complexity and the potential for an inefficient use of storage I/O. 

I/O blender effect on storage 

Disk drives are typically considered random access devices. However, disk drives move random data much slower than 

sequential data—up to a hundred times slower—and virtualization greatly exacerbates this issue. Disk I/O optimizations  

in operating systems and applications are predicated on the assumption that they have exclusive control of the disks. But 

virtualization encapsulates operating systems into guest VM containers and puts many of them on a single physical host. 

The disks are now shared among numerous guest VMs, which makes exclusive control no longer possible. VMs with their 

guest operating systems continue as before, unaware that each does not have exclusive access to disk. 

The I/O software layers inside the guest VM containers continue their individual I/O patterns to provide greater sequential 

reads and writes for their virtual disks. These patterns then pass through the hypervisor layer where they are mixed and 

chopped in a very random fashion. By the time the I/O hits the physical disks, it is randomized to the worst-case scenario. 

This happens with all hypervisors. 

This effect has been called the “VM I/O blender.” It is so-named because the hypervisor blends I/O streams into a mess of 

randomized bits. With increased VM density, the more pronounced the effect. 
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Figure 1. Example of the virtualization I/O blender effect.  

 

A major problem with the “I/O blender” is that virtual disks for VMs are not managed or accessed at the same level as a real 

logical unit number (LUN). Before virtualization, the storage array could safely assume that any I/O transmitted on a given 

port was from a single server. With virtualization, a single LUN presented from the storage array is shared by a cluster of 

servers, each hosting virtual machines, with every virtual machine passing individual I/O requests. The hypervisor layer 

abstracts the hardware and related I/O. 

In the future, the promise of the VMware Virtual Volumes (vvols) storage architecture enables each individual virtual 

machine disks (VMDKs) to be treated as a conventional LUN. Bottom line, virtualization places new demands on storage as a 

result of the consolidation of many workloads onto a single, physical server. The resulting I/O blender effect means storage 

must be designed to handle any workload at any time. On top of this natural consolidation from server virtualization, 

VMware vSphere introduces key capabilities, such as Storage vMotion, vStorage application programming interface (API), 

and rapid provisioning, which further tax the storage system. These shortcomings and storage demands can be resolved by 

having the right storage platform as part of the virtualization solution. 

VMware VAAI integration with HP 3PAR StoreServ 

The vSphere Storage APIs are a set of technologies and interfaces that enable vSphere to leverage storage resources to 

deliver improved efficiency, control, and ease of use. The vSphere vStorage APIs for Array Integration (VAAI) is one of these 

technologies. The VAAI initiative introduced APIs to improve performance, resource usage, and scalability by leveraging 

more efficient storage array-based operations. 

VAAI helps reduce the storage bandwidth consumed by a vSphere host and improves data center scalability. Storage 

operations like virtual machine provisioning, Storage vMotion, virtual disks creation, and VM cloning consume less CPU, 

memory, and network bandwidth when using the VMware VAAI-certified HP 3PAR StoreServ Storage system. With hardware 

offload, vSphere hosts may perform certain operations faster and with less consumption of host resources.  
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Storage hardware primitives for VAAI 

Primitives are specific functions used with VAAI that serve as integration points to storage arrays. VMware develops the 

primitives and array vendors integrate them into their arrays to support them. Primitives in VAAI allow the hypervisor to 

communicate certain requests and operations directly with HP 3PAR StoreServ Storage arrays. Their purpose is to allow 

close integration between the hypervisor and storage array and to offload storage functionality traditionally handled by the 

hypervisor. Storage arrays can handle these functions more intelligently and efficiently because of their design and direct 

control over key data.  

VAAI includes these fundamental primitives:  

• Hardware-assisted locking: Also known as Atomic Test and Set (ATS), this primitive provides a method to protect 

metadata for VMware Virtual Machine File System (VMFS) cluster file systems, reducing SCSI reservation contention 

between vSphere hosts.  

• Copy offload: This primitive is used to copy VMDK data. This enables full copies of data to be made within the storage 

array, reducing data reads and writes required on the part of the vSphere host.  

• Block Zeroing: This primitive allows the array to handle the process of zeroing all the disk blocks instead of having the 

host wait for the operation to complete. The array simply signals that the operation has been completed immediately and 

handles the process on its own without involving the vSphere host.  

• Thin Provisioning Block Space Reclamation: This primitive allows the ESXi host to communicate to the array when space 

previously occupied by a virtual machine (deleted or migrated) may be reclaimed for use on a thin-provisioned volume. 

The SCSI UNMAP command is used for space reclamation. 

For more information on VMware VAAI, refer to the VMware knowledgebase article FAQs for VAAI and the  

VMware community VAAI document. 

HP 3PAR silicon-level integration with VAAI 

The custom HP 3PAR Gen4 ASIC deployed in all HP 3PAR systems, discussed in more detail in the next section, enables 

unique silicon-level integration with VAAI. For example, VAAI Block Zeroing uses the standard SCSI command WRITE_SAME 

to offload large, block-level write operations of zeroes from the host to the storage array. Block Zeroing improves host 

performance and efficiency when allocating or extending Eager Zeroed Thick (EZT) virtual disks, or on initial access to a 

block on a non-EZT virtual disk. When the built-in zero-detection of the HP 3PAR Gen4 ASIC and EZT virtual disks are 

combined, storage array bandwidth, disk I/O bandwidth, and disk consumption is reduced as the large writes of zeroes 

result in no actual storage operation. Initialization of EZT virtual disks in seconds, rather than minutes, mitigating the 

tradeoff between fast VM creation and fast run-time performance. 

Figure 2. An example of VAAI block zero operation. 

 

http://kb.vmware.com/selfservice/microsites/search.do?language=en_US&cmd=displayKC&externalId=1021976
https://communities.vmware.com/docs/DOC-14090
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Space reclamation was introduced in vSphere 5.0 and uses the standard T10 command UNMAP for space reclamation with 

thin provisioned volumes. Using the UNMAP command, vSphere automatically issues a command to the storage array to 

deallocate blocks of storage freed by vSphere, for example, from a deletion of a VM, and then return it to the storage array’s 

resource pool without involving a storage administrator. Before vSphere 5.0 and UNMAP, space would remain assigned to 

the thin provisioned LUN until a storage administrator manually reclaimed the storage associated with it.  

This enhancement improves the effectiveness of HP 3PAR thin-provisioned virtual volumes (TPVVs) by reducing the physical 

storage required. Reduction of the physical storage required increases the ROI through more efficient use of installed 

storage capacity and reduction of associated power and cooling costs. For benefits of using ESXCLI to reclaim VMFS deleted 

blocks on HP 3PAR thin-provisioned virtual volumes, see section in this paper titled vSphere Thin Provisioning Block Space 

Reclamation (UNMAP). For more information, see the VMware knowledgebase article  

Using esxcli in vSphere 5.5 to reclaim VMFS deleted blocks on thin-provisioned LUNs (2057513). 

Tip 

To confirm that VAAI is supported, a number of vSphere ESXCLI commands can be executed from the vSphere host  

(secure shell [SSH] session). For example, to see which primitives are supported for a particular storage device, use the 

following command.  
# esxcli storage core device vaai status get -  

For more information on VAAI, refer to the VMware knowledgebase article FAQs for VAAI, the VMware VAAI white paper, 

and the HP VMware vSphere VAAI for HP Storage Performance Benefits white paper. 

HP 3PAR StoreServ architecture advantages 

The HP 3PAR StoreServ Storage System is a highly virtualized, tightly clustered, dynamically tiered storage array built for 

virtualization and cloud computing. Each HP 3PAR StoreServ array implements the HP 3PAR StoreServ architecture, a 

unique approach to the design of an RAID system that offers performance and cost-efficiency advantages unparalleled by 

traditional storage arrays. 

This section provides an overview of a few key HP 3PAR StoreServ architecture features that makes it well suited for 

virtualization environments. The subsequent sections of the paper provide details on the following features and test results 

that demonstrate the impact they can have on the performance and capacity efficiency of a virtualized environment:  

• Array wide striping 

• Quality of service (QoS) (HP 3PAR Priority Optimization) 

• HP 3PAR Zero Detect 

• vSphere Thin Provisioning Block Space Reclamation (VAAI UNMAP) 

A single, common architecture sets HP 3PAR apart from other storage solution vendors. One architecture and a single 

firmware tie all models of the HP 3PAR StoreServ family together. 

HP 3PAR StoreServ—customized for flash 

With the focus on all-flash storage, especially for virtualization environments with tier-1 apps and virtual desktops, the  

HP 3PAR StoreServ architecture is well suited to handle the increased storage demands of an all-flash array. 

To make the most of flash technology—and deliver all of the associated payoffs—storage solutions need to meet key 

design requirements. Certain features of the HP 3PAR StoreServ architecture are considered “day 1” design decisions that, 

although not developed specifically with flash-based storage in mind, are considered flash-optimized architecture elements 

because they enhance overall system efficiency and capacity utilization and, in so doing, are ideally suited for flash. 

http://kb.vmware.com/selfservice/microsites/search.do?language=en_US&cmd=displayKC&externalId=2057513
http://kb.vmware.com/selfservice/microsites/search.do?language=en_US&cmd=displayKC&externalId=1021976
http://www.vmware.com/resources/techresources/10337
http://www8.hp.com/h20195/v2/GetDocument.aspx?docname=4AA4-2864ENW
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Flash-based cache algorithms 

The modern architecture of HP 3PAR StoreServ Storage is ideal for flash in which the system is built to be both massively 

parallel and efficient, so it can take full advantage of flash-based media. HP 3PAR StoreServ Storage removes bottlenecks 

that prevent legacy storage from taking full advantage of flash-based media in order to deliver 5X accelerated performance 

over hard disk drives (HDDs) with less than 0.7 milliseconds latency1 through a flash-optimized architecture that relies on 

several unique HP 3PAR StoreServ design innovations. 

Specialized Gen4 ASIC: mixed workload support  

The HP 3PAR StoreServ architecture allows transactional and throughput-intensive workloads to run on the same storage 

resources without contention due to the HP 3PAR StoreServ Gen4 ASIC, which offloads some work of the controllers, 

allowing them to process smaller I/O without inordinate delay due to large block I/O.  

The Gen 4 ASIC allows HP 3PAR StoreServ to deliver consistent performance even in mixed-workload scenarios.  

HP 3PAR Priority Optimization  

HP 3PAR Priority Optimization helps assure QoS on HP 3PAR StoreServ Storage systems. With Priority Optimization, 

customers can deliver service levels in multi-tenant environments. Customers can also set latency targets for volume sets, 

grant their most critical applications the right resources to meet their service-level targets.  

Zero-block inline deduplication with HP 3PAR StoreServ Gen4 ASIC  

HP 3PAR StoreServ Gen4 ASIC features an efficient, silicon-based zero-detection mechanism. With zero detection built into 

the ASIC, a stream of zeros that may be present in a write I/O can be filtered before being written to flash. You’ve gained the 

efficient use of existing flash storage with granular zero space reclamation while also enhancing the effective life of  

flash-based media by avoiding unnecessary writes for a double win.  

Reservationless thin and snaps  

HP 3PAR StoreServ architecture is designed to be thin from the start. Capacity is seldom reserved upfront, and changed data 

is rarely duplicated within the snapshot tree. You achieve efficient utilization of flash storage without the need for any pool 

creation or upfront capacity reservation.  

Fine-grained allocation unit  

Because flash represents a greater upfront investment as compared to HDDs, it is important to be extremely efficient in 

allocating storage to applications.  

With a 16 KB write allocation unit, HP 3PAR StoreServ Thin Technologies have broken new ground in the efficient use of 

storage capacity. This storage efficiency comes without putting an unreasonably low limit on capacity scalability, so you gain 

storage efficiency without compromising scalability.  

Thin reclamation  

HP 3PAR StoreServ architecture has the capability to look for pages that have been zeroed out by the host and reclaim 

those pages. The reclamation is highly efficient since it is done with 16 KB granularity. Every block of flash storage that gets 

reclaimed immediately becomes available for other applications requiring space. This facilitates existing flash storage is 

utilized efficiently before forcing customers to purchase additional capacity.  

Media wear gauge  

HP 3PAR Operating System monitors the wear of each flash device and allows users to see the wear level of each device at 

any given time, thereby enabling them to monitor consumption of their flash-based media and plan for future upgrades or 

drive replacements. 

System-wide striping  

Data and I/O for each volume are striped widely across all system resources, including CPUs, ports, cache, and drives. This 

wide striping enables the system to deliver accelerated and consistent performance levels (with all resources supporting 

each volume) while avoiding any single point of contention. Even a small volume can leverage the performance of hundreds 

of flash devices and all the system’s controller nodes for peak performance.  

 
1 HP 3PAR StoreServ Storage: optimized for flash h20195.www2.hp.com/V2/GetPDF.aspx/4AA4-7264ENW.pdf 

http://h20195.www2.hp.com/V2/GetPDF.aspx/4AA4-7264ENW.pdf
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Because the system autonomically manages this system-wide load balancing, no extra time or complexity is required to 

create or maintain an efficiently configured system. With system-wide striping, data is distributed across all SSDs in a 

granular fashion, keeping the command queues low on any individual SSD. While building up the drive command queue on 

HDDs was a good thing (Let the drive improve the order of servicing the I/Os depending on the mechanical head position.), 

having a high command queue on an SSD only adds latency. Low command queues on SSDs help lower latency.  

In contrast, on traditional platforms, the workloads are narrowly striped, typically on a single controller, and either on a 

single RAID group or on a partial set of drives. Under conditions in which accelerated IOPS are needed, this partial striping 

very quickly manifests itself in the form of hot spots for one resource while other resources remain underutilized. With  

HP 3PAR StoreServ Storage, you obtain accelerated performance at a low, uniform latency. 

HP 3PAR ASIC 

Every HP 3PAR StoreServ system includes HP 3PAR StoreServ Gen4 ASIC, HP-exclusive technology that supports such 

things as mixed worked, CPU-offloaded inline deduplication, and fast RAID calculations. Particularly useful for keeping 

vSphere environments efficient, the HP 3PAR ASIC leverages a unique, software-based virtualization mapping engine for 

space reclamation, giving HP 3PAR StoreServ the power to remove allocated but unused space in existing volumes. The  

HP 3PAR ASIC has this fat-to-thin processing capability built into the system hardware, enabling the storage to virtualize 

blocks of zeroes “on the fly” to drive these conversions, while at the same time, maintaining high performance levels.  

Besides reclaiming unused space, the HP 3PAR ASIC can also handle processing mixed workloads more efficiently than 

traditional storage controller nodes, thereby alleviating performance concerns and reducing traditional array costs.  

The ASIC can process the control and data information in separate paths instead of the single path that is used on a 

traditional storage. The accelerated performance provided by the ASIC combined with Rapid RAID rebuild capabilities 

enables businesses to nearly achieve the performance of traditional RAID mirroring from fast RAID 6 with up to 50 percent 

less overhead for data protection. 

The HP 3PAR custom ASIC provide the capability to process mixed workloads and work to diminish the I/O blender effect of 

virtualization upon storage. The strengths of the HP 3PAR ASIC combined with array wide striping provide the performance 

horsepower for the HP 3PAR StoreServ to support multi-tenant, mixed workloads and meet the changing demands of 

production VMware vSphere environments. 

HP 3PAR Autonomic Groups 

HP 3PAR Autonomic Groups provide faster provisioning for VMware vSphere clusters. Traditional storage provisioning is 

based on the physical dedication of resources in mainframe and client-server computing paradigms—a legacy that 

continues to carry forward the root inefficiencies and inflexibilities that virtual environments were designed to overcome. 

Inefficiency and inflexibility are particularly detrimental to virtual server environments, where platform rigidity and 

provisioning complexity can lead to routine overprovisioning that detracts from storage usage and diminishes server 

virtualization ROI. 

Figure 3. Example diagram of HP 3PAR Autonomic Groups. 

 

HP 3PAR Autonomic Groups is a feature of the HP 3PAR Operating System to make provisioning HP 3PAR storage in 

clustered and virtual server environments even faster, simpler, and more reliable. Autonomic Groups reduces tedious 

manual repetition of commands and reduces the number of commands required to provision storage with VMware vSphere. 
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Workloads and HP 3PAR StoreServ performance analysis 

Array wide striping benefits 

In a traditional storage array, small volumes either suffer from poor performance by using few drives or waste expensive 

resources by using more drives than required for capacity to obtain sufficient performance. On an HP 3PAR StoreServ array, 

even modest-sized volumes can be widely striped, using chunklets spread across all drives of the same type. Wide striping 

provides the full performance capabilities of the array to small volumes without provisioning excess capacity and without 

creating hot spots on a subset of physical drives. Other chunklets on the drives are available for other volumes (figure 4). 

Wide striping allows applications to share the capabilities of a large number of drives in the storage array. Applications with 

heavy IOPS have their workload demands spread across all of the storage array drives in small amounts. Virtualization I/O 

balancing can be achieved. 

Wide striping helps reduce storage array bottlenecks and achieves better storage utilization, but utilization levels depend on 

storage provisioning methods that are designed to take advantage of wide striping such as Thin Provisioning. The lack of 

bottlenecks in a wide striping storage array such as the HP 3PAR StoreServ also means that mixed workload performance is 

enhanced because all applications have access to the full IOPS potential of the array. VMware vSphere environments benefit 

from this in four key ways:  

• Mix applications and VMs on physical servers without worrying about the creation of storage bottlenecks  

• Achieve higher VM densities due to the lack of performance and capacity silos that are typical of traditional  

storage arrays 

• Deploy volumes with different RAID levels on the same physical drives, enabling you to choose the appropriate RAID 

level for each volume based on performance and capacity cost tradeoffs 

• Improve data resiliency by wide striping across an entire drive tier to reduce the risk of drive failure and data loss 

Figure 4. HP 3PAR StoreServ array wide striping compared to traditional RAID storage. 

 

Testing HP 3PAR StoreServ wide striping vs. non-wide striping 

To demonstrate that the performance benefits of wide striping are real, a simple test was performed to capture the read 

and write latencies of a traditional volume, with a few dedicated disks, and of a wide-striped volume. The test environment 

used to produce the findings presented in this white paper consisted of an HP 3PAR StoreServ 7400 hybrid storage array 

configured with nearline, Fibre Channel, and SSD tiers.  

The tests executed for our comparison of wide striping vs. non-wide striping involved a cluster of four vSphere hosts, each 

with a Windows® VM. Two fully provisioned virtual volumes (FPVVs) were created using the Fibre Channel storage tier on the 

HP 3PAR StoreServ array: one volume a traditional RAID 5 3+1 (three data disks, one parity disk) and the other volume, a 

RAID 5, used wide striping across the entire HP 3PAR StoreServ array. Each VM was presented with two virtual disks, one 

from each of the two test FPVVs. Each VM ran a typical online transaction processing (OLTP) workload of 4 KB block size:  

60 percent reads and 40 percent writes on each RAID 5 volume independently; the workload was run on the traditional 

non-wide striped volume first, and then a second test run was executed on the HP 3PAR wide-striped volume. 

The results of these tests are illustrated as follows. Figure 5 shows the read latency results of the four hosts, and  

figure 6 reveals the write latency results. 
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Figure 5. Read latency comparison between non-wide striped RAID 5 volume and HP 3PAR wide-striped RAID 5 vvol. 

 

Figure 6. Write latency comparison between non-wide striped RAID 5 volume and HP 3PAR wide-striped RAID 5 vvol. 

 

Interpreting results 

Only drives in the Fibre Channel tier in the HP 3PAR StoreServ 7400 array were used in this test. The results illustrated in 

figure 5 and figure 6 demonstrate how the HP 3PAR StoreServ wide striping provides the full performance capabilities of the 

array to small volumes, without over-provisioning storage and without causing hot spots on a subset of physical drives. The 

wide-striped HP 3PAR volume showed an 89 percent reduction in read latency and a 98 percent reduction in write latency. 

We would expect similar results with any virtualized workload, meaning that VMware vSphere data store and associated 

virtual workload can experience vastly improved performance when wide striped. 
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QoS controls (HP 3PAR Priority Optimization)  

VMware vSphere is most commonly used to execute business-critical and latency-sensitive application workloads in parallel 

with other, less-critical applications. As described earlier in the section “VMware vSphere Virtualization and its demands on 

storage,” mixed workloads on the same tier of storage with random I/O in a vSphere environment can have a ripple effect 

on critical production workloads; slower response time and increased latency can result. The “noisy neighbor” workload can 

impact your tier-1 production application, causing application performance to suffer. 

It is important to prioritize I/O requests from different application workloads to achieve the correct QoS for business-critical 

applications. HP 3PAR Priority Optimization software manages and distributes the I/O capacity of an HP 3PAR StoreServ 

Storage system across multiple workloads in accordance with predefined limits and controls—a key feature for 

virtualization environments running tier-1 applications. The software enables the colocation of data from different workload 

types, such as sequential, random, and transactional, among others, with widely varying I/O request sizes on a single 

storage system by delivering controls to achieve the desired sharing of resources between the various VMs. 

Figure 7. Example of multi-tenant mixed workloads on traditional storage array compared to HP 3PAR StoreServ. 

 

HP 3PAR Priority Optimization overview  

HP 3PAR Priority Optimization software for HP 3PAR StoreServ Storage systems implements and manages a priority policy 

per HP 3PAR Virtual Volume set (VVset) that serves as a proxy for applications, and per virtual domains that serves as a 

proxy for customers or tenants. HP 3PAR Priority Optimization enables the end user to take full control of performance by 

specifying minimum and maximum limits (“min. goal” and “max. limit”) for IOPS. In addition, it provides the capability to 

define “latency goals” for important applications, helping users further achieve the desired performance results based on 

both IOPS and latency calculations.  

If the set QoS goals are not met, the system automatically adjusts the service levels of lower-priority applications and 

workloads to help make sure that necessary QoS levels for your highest priority applications are maintained. This paradigm 

is possible because the HP 3PAR StoreServ architecture shares all system resources, including the physical disks, with all the 

applications. In a multi-tenant environment, applying HP 3PAR Priority Optimization to virtual domains prevents a single 

tenant from monopolizing application resources. 

HP 3PAR Priority Optimization was introduced as an integrated feature of HP 3PAR OS 3.1.2 MU2. HP 3PAR OS 3.1.3 added 

minimum goals, latency goals, and priority levels for QoS objects. Starting from HP 3PAR OS 3.1.2 MU2, Priority Optimization 

offers the ability to “cap” performance of VVsets with either an IOPS limit, a bandwidth limit, or both. This cap, called the 

maximum limit, is the maximum amount of IOPS, bandwidth, or both that a given QoS object is allowed to achieve.  
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Figure 8 shows the levels of virtualization on an HP 3PAR StoreServ system and where the optional QoS rules from HP 3PAR 

Priority Optimization fit. 

Figure 8. HP 3PAR Storage mechanics from physical disks to vvols to the LUNs: QoS rules are set at the virtual volume set, a group of vvols. 

 

Each QoS rule is associated with a single QoS target object. The smallest target object to which a QoS rule can be applied is 

an HP 3PAR VVset. Because a VVset can contain a single virtual volume, a QoS rule can target one volume. A QoS rule 

operates on all volumes inside a VVset or a virtual domain. 

 
For more information about HP 3PAR Priority Optimization, see HP 3PAR Priority Optimization technical white paper. 

For more information about HP 3PAR VVsets and other storage concepts covered here, refer to the following:  

HP 3PAR StoreServ Storage Concepts Guide HP 3PAR OS 3.2.1. 

Testing VMware vSphere performance with HP 3PAR Priority Optimization  

To demonstrate the value of HP 3PAR Priority Optimization in a VMware vSphere environment, we created a virtualized 

environment with two virtualized workloads, with different levels of importance, running on the same shared storage.  

The goal of this test is to see if a critical production workload can run virtually unaffected in a multi-tenant environment  

on an HP 3PAR StoreServ with HP 3PAR Priority Optimization.  

Figures 10 and 11 illustrate the IOPS and service time, respectively, of our tier-1 production database workload  

(Microsoft® SQL Server) on RAID 1 FC storage tier and a lower-priority workload (the “noisy neighbor”) hosted on the same 

vSphere cluster and utilizing a thin volume on the same FC storage tier configured in RAID 5. Figure 9 shows the HP 3PAR CLI 

command showqos, which displays the HP 3PAR Priority Optimization settings that were previously set and can limit the 

maximum IOPS of our “noisy-neighbor” to 2,000 IOPS. The test demonstrates a typical multi-tenant environment with the 

potential for workloads competing for the same storage resources, which would normally impact application performance 

without correct QoS controls in place. 

Figure 9. HP 3PAR Priority Optimization QoS rules used in testing; SQL-prod is the production database workload. 

 

http://www8.hp.com/h20195/v2/GetDocument.aspx?docname=4AA4-7604ENW
http://h20565.www2.hp.com/portal/site/hpsc/template.BINARYPORTLET/public/kb/docDisplay/resource.process/?javax.portlet.begCacheTok=com.vignette.cachetoken&javax.portlet.endCacheTok=com.vignette.cachetoken&javax.portlet.rid_ba847bafb2a2d782fcbb0710b053ce01=docDisplayResURL&javax.portlet.rst_ba847bafb2a2d782fcbb0710b053ce01=wsrp-resourceState%3DdocId%253Demr_na-c04204225-3%257CdocLocale%253Den_US&javax.portlet.tpst=ba847bafb2a2d782fcbb0710b053ce01_ws_BI&ac.admitted=1414075114388.876444892.492883150
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Figure 10. Graph of workload characteristics: main production database workload. 

 

The graph in figure 11 shows a tier-1 production database workload (Microsoft SQL Server) on RAID 1 FC storage tier (vol0, 

the red and dark blue lines on graph) and a lower-priority workload (the “noisy neighbor”) on a RAID 5 FC TPVV (vol10, light 

blue line on graph), in the same storage tier of Fibre Channel disk on the HP 3PAR StoreServ 7400. Note that in figure 11, 

the service time of the production database workload does not change significantly when the noisy neighbor workload is 

introduced. Quality of service is maintained. 

Figure 11. Graph of workload service times in milliseconds: the noisy neighbor I/O is the light blue line on the graph. 

 

Figure 12 shows our production database workload (Microsoft SQL Server) running on a RAID 1 FC storage tier with the 

additional I/O of the other, competing workload (the “noisy neighbor”) hosted on the same vSphere cluster, and using 

storage on the same storage tier, a RAID 5 FC thin-provisioned virtual volume (TPVV) and its effect on latency. Take note of 

the average latencies circled in figure 12; the average read and write latency of the production database workload remains 

less than 2 milliseconds after the introduction of the noisy neighbor workload. 
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Figure 12. Comparison of average read latency and average write latency results from production SQL workload and the noisy neighbor I/O. 

 

Interpreting results 

Only drives in the Fibre Channel tier in the HP 3PAR StoreServ 7400 array were used in this test. As captured in the preceding 

graphs, a critical production workload can run virtually unaffected in a shared HP 3PAR StoreServ array environment. With 

the QoS rules set as shown in figure 9, the test results demonstrate that in a shared environment with application 

workloads competing for the same storage resources, storage bandwidth adjusts quickly with only one percent impact upon 

the tier-1 application, achieving near-optimal performance. 

HP 3PAR Priority Optimization (QoS) facilitates application response times, and read and write latencies to stay within 

acceptable limits, even when a “noisy neighbor” workload of lower priority is running in the same vSphere cluster on the 

same storage tier. The priority level in the QoS rules defines a hierarchy, allowing the HP 3PAR StoreServ to throttle lower 

priority workloads to meet latency goals of the higher priority workloads. This throttling reduces storage contention from 

competing virtual workloads and allows tier-1 application workloads in a VMware vSphere shared or multi-tenant 

environment to run at peak performance.  

For more information regarding HP 3PAR Priority Optimization and QoS policies, refer to the HP 3PAR Priority 

Optimization technical white paper. For further information on performance tuning a VMware vSphere 5.5 environment, 

refer to the VMware Performance Best Practices for vSphere 5.5 technical white paper. 

HP 3PAR capacity reduction technologies  

Balancing the storage needs of new virtual machines and unpredictable workloads against limited resources is the prime 

challenge of IT managers today. As a result of this challenge and the growing amount of data requiring storage, data 

reduction, and optimization technologies are essential to any IT environment, especially virtualized environments that are 

starting to leverage more expensive SSDs and all-flash arrays to enhance performance.  

HP 3PAR StoreServ Storage has been a leader in data reduction technologies, dating back to being one of the pioneers in 

thin provisioning and more recently with the introduction of inline deduplication. HP 3PAR Thin Deduplication software uses 

the custom HP 3PAR Gen4 ASIC to deduplicate data inline with a high degree of granularity to provide capacity efficiency 

that is superior to other approaches without monopolizing CPU resources or compromising data integrity. 

In the following sections, you will see how HP has built on that leadership position to enable vSphere environments run 

efficiently, making better use of purchased capacity and to reducing management costs and headaches. 

http://h20195.www2.hp.com/V2/GetPDF.aspx%2F4AA4-7604ENW.pdf
http://h20195.www2.hp.com/V2/GetPDF.aspx%2F4AA4-7604ENW.pdf
http://blogs.vmware.com/performance/2013/09/performance-best-practices-for-vsphere-5-5-is-available.html
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HP 3PAR Thin Provisioning with VMware vSphere  

Thin provisioning has achieved widespread adoption as it dramatically increases capacity efficiencies. It has become a data 

center “must have” for its ability to break the connection between logical and physical capacity. Thin provisioning allows a 

volume to be created and made available as a LUN to a host without the need to dedicate physical storage until it is actually  

needed. HP 3PAR Thin Persistence software and other thin-reclamation solutions enable thin-provisioned storage on  

HP 3PAR StoreServ arrays to stay thin over time by helping assure that unused capacity is reclaimed and reused by the array 

on an ongoing basis. 

A few of the key benefits to HP 3PAR approach to thin provisioning include:  

• HP 3PAR Thin Provisioning is completely automated.  

• HP 3PAR Operating System software uses a reservation-less, dedicate-on-write approach to thin provisioning that 

allocates and configures capacity in fine-grained increments from a single, free space reservoir, without pre-reservation  

of any kind.  

• HP 3PAR Thin Provisioning software does not require the creation or use of separate pools of drives within the system.  

• HP 3PAR Thin Provisioning uses an allocation unit size of just 16 KB, so that small writes do not consume megabytes or 

even gigabytes of capacity.  

The benefits of thin-provisioning to VMware administrators included higher VM density, more efficient provisioning of 

storage to vSphere environments, reduced frequency of storage capacity additions to servers, and rapid provisioning of 

storage to meet changing production demands. 

Tip 

The esxcli command is used to verify whether a particular storage device is thin provisioned. The command can be run 

from an SSH session to the vSphere host. In this example, --server=server_name specifies the target server.  

The specified target server prompts you for a user name and password. Other connection options, such as a configuration 

file or session file, are supported. For more information on esxcli commands and their related options, see  

Getting Started with vSphere Command-Line Interfaces or the reference vSphere Command-Line Interface Concepts 

and Examples. 

To validate whether a storage device such as an HP 3PAR StoreServ vvol or LUN is thin provisioned, use the following 

command (D=device_ID): 

# esxcli --server=server_name storage core device list -d naa.XXXXXXXXXXXX4c 

HP 3PAR Thin Persistence software  

HP 3PAR Thin Persistence software is an optional feature that leverages the unique thin built-in hardware capabilities of the 

HP 3PAR Gen4 ASIC to drive the ongoing, inline “thinning” of volumes at wire speeds, while preserving service levels and 

preventing disruption to production workloads. Thin Persistence achieves this by using the zero-detection capability 

embedded in the HP 3PAR ASIC to detect pages of zeroes, which do not result in the allocation of physical space for those 

pages and to reclaim unused space associated with data deleted from a storage volume. This feature works in real time and 

analyzes the data before it is written to the source TPVV or read and write snapshot of the TPVV.  

Working in conjunction with VMware’s VAAI block zero primitive, discussed in detail in the following section, HP 3PAR Thin 

Persistence helps to minimize the impact of virtual machine sprawl and enhance VM density, keeping vSphere data stores 

lean and efficient.  

In VMware vSphere environments, HP 3PAR Thin Persistence software enables storage capacity efficiency by maintaining 

the thinness of all vSphere VMDK formats at the storage layer. In addition, Thin Persistence, combined with the  

built-in zero-detection capability of the HP 3PAR Gen4 ASIC, delivers performance benefits while reducing the capacity 

tradeoffs associated with the highest-performing VMDK format, Eager Zeroed Thick. Figure 13 illustrates the simple 

reclamation process. 

http://pubs.vmware.com/vsphere-50/topic/com.vmware.ICbase/PDF/vsphere-esxi-vcenter-server-50-command-line-interface-getting-started-guide.pdf
http://pubs.vmware.com/vsphere-50/topic/com.vmware.ICbase/PDF/vsphere-esxi-vcenter-server-50-command-line-interface-solutions-and-examples-guide.pdf
http://pubs.vmware.com/vsphere-50/topic/com.vmware.ICbase/PDF/vsphere-esxi-vcenter-server-50-command-line-interface-solutions-and-examples-guide.pdf
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Figure 13. HP 3PAR Thin Persistence space reclamation. 

 

The reclamation process starts by activating HP 3PAR Thin Persistence software (if necessary), then using standard file 

system tools (SDelete in Microsoft Windows or dd in Linux®) to write zeroes across deleted space in a VM’s file system. 

The zeroes are autonomically detected by the HP 3PAR ASIC and the disk space they were consuming is freed and returned 

to the thin-provisioned volume. As files are deleted within VMs, Thin Persistence provides that the underlying volume stays 

thin over time.  

Another benefit of Thin Persistence is when deleting a VM. The HP 3PAR native support for VMware VAAI enables the use of 

WRITE_SAME or UNMAP commands (depending on the version of vSphere/VMFS in use). These commands can enable the 

release of the allocated storage back to the array, rather than keeping it assigned to the LUN.  

With older VMware vSphere versions, a similar benefit can be obtained by writing zeros to the VMDK and allowing the  

HP 3PAR zero detection to release the storage. However, with vSphere 5.5 and HP 3PAR InForm OS version 3.1.1 or higher, 

this space reclamation takes place via an ESXCLI command (see section vSphere Thin Provisioning Block Space Reclamation 

[UNMAP]).  

For more information about HP 3PAR TPVV and other storage concepts covered here, refer to the following:  

HP 3PAR Storage Concepts Guide and the HP 3PAR thin technologies white paper. 

Figure 14. Overview of HP 3PAR thin-provisioned virtual volumes (TPVVs). 

 

  

http://h20566.www2.hp.com/portal/site/hpsc/template.BINARYPORTLET/public/kb/docDisplay/resource.process/?javax.portlet.begCacheTok=com.vignette.cachetoken&javax.portlet.endCacheTok=com.vignette.cachetoken&javax.portlet.rid_ba847bafb2a2d782fcbb0710b053ce01=docDisplayResURL&javax.portlet.rst_ba847bafb2a2d782fcbb0710b053ce01=wsrp-resourceState%3DdocId%253Demr_na-c04204225-3%257CdocLocale%253Den_US&javax.portlet.tpst=ba847bafb2a2d782fcbb0710b053ce01_ws_BI&ac.admitted=1413928419176.876444892.199480143
http://www8.hp.com/h20195/v2/GetDocument.aspx?docname=4AA3-8987ENW
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HP 3PAR Thin Conversion software 

HP 3PAR Thin Conversion software is an optional feature that converts a fully provisioned volume to a TPVV. Virtual 

volumes with large amounts of allocated but unused space are converted to TPVVs that are much smaller than the original 

volume. During the conversion process, allocated but unused space is discarded. The result is a TPVV that uses less space 

than the original volume. 

Virtual machine sprawl, over-provisioned VMs, and inefficiencies in storage utilization by the vSphere environment are 

ongoing problems for VMware administrators. HP 3PAR Thin Conversion addresses the problem of over-provisioned 

VMware data stores, by allowing the administrator to change a fully provisioned volume to a TPVV and reclaim valuable 

storage space on the HP 3PAR StoreServ, which would otherwise be wasted. 

All HP 3PAR StoreServ systems running HP 3PAR OS 3.1.2 or later are able to convert a fully provisioned volume to a  

thin-provisioned volume (or vice versa) without requiring an offline transition. The tunevv command is used to convert 

between fully provisioned and thinly provisioned virtual volumes. In the following example, the logical disks used for user 

space are moved to CPG FC_r5 for virtual volume vol01 and the virtual volume is converted to a TPVV:  

cli% tunevv usr_cpg FC_r5 -tpvv vol01  

When the -tpvv or -full options for the usr_cpg subcommand are specified, the tune automatically rolls back on a failure. 

These options do not support virtual volumes with remote copy. These options only convert virtual volumes using 

snapshots if the “-keepvv” option is used, but the snapshots reside in the virtual volume specified by the “-keepvv” option.  

During the thin conversion, the HP 3PAR ASIC assists in reducing the amount of data copied by using its zero-detect 

capability to remove the need to copy blocks of zeros. To make better use of this feature, it is advantageous to write zeros 

to the allocated but unused space on the fully provisioned volume before the conversion. The method of writing zeroes to 

the disk at the virtual machine layer is described in more detail in the VMware vSphere UNMAP Space Reclamation section. 

Capacity savings with HP 3PAR Zero Detect during virtual disk creation  

A key benefit for some VMware vSphere environments is that HP 3PAR Thin Persistence provides that when a new, fully 

formatted volume is created, the entire volume is not allocated from physical storage because of all the zeroes written 

during the formatting process. This situation is encountered in a vSphere environment with the EZT VMDK format that 

zeroes out the entire VMDK file, consuming the full size of the VMDK file on the array even before the VM has been used.  

With HP 3PAR Thin Persistence software and the built-in zero-detection capability of the HP 3PAR ASIC, as the ESXi host 

writes zeroes to the VMDK file, the zeroes are detected inline by the ASIC, and no physical space is allocated for the VMDK in 

the thin provisioned volume. Figure 15 demonstrates how the HP 3PAR ASIC works to detect zeroes and intercept them 

before writing to the HP 3PAR StoreServ Storage. Contrast this functionality with storage arrays that do not offer this 

capability: on those arrays, an Eager Zeroed Thick VMDK negates any thin provisioning benefits because it fills up the  

thin-provisioned volume as it is being initialized. 

Figure 15. HP 3PAR ASIC inline zero-detect during VM creation. 
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Testing VMware VMs and EZT virtual disks 

When virtual machines are created in a vSphere cluster, the administrator is given options. The common choice for critical 

VMs is EZT, which allocates all space to the desired virtual disk upfront. This process results in the full virtual disk being 

zeroed out (zeroes being written to the data store and underlying storage) during the VM provisioning process. HP 3PAR 

Zero Detect reduces storage waste by intercepting the zero writes inline in the node by the ASIC. The following test case 

demonstrates the storage efficiency realized with HP 3PAR Zero Detect. 

Test findings—TPVV zero detect and EZT VMDK creation 

Table 1 and figure 16 illustrate the used capacity difference between a TPVV with the zero-detect option disabled and 

enabled during the VM creation of an EZT VMDK. Three VMs were created with EZT enabled: two 1,024 MB VMS and one 

2,048 MB VM, where each virtual disk was automatically zeroed-out (only zeroes were written to entire VMDK) upon  

power on. 

Table 1. Comparison of HP 3PAR Zero-Detect with VMware VMFS data stores during EZT virtual disk creation. 

 RAID level and tier Total TPVV size Space used at 

VMFS (VMs in MB) 

Used USR space (MB) 

from HP 3PAR TPVV 

Vol3 TPVV with  

zero-detect 

RAID 1 FC 200 GB 4,128 8 

Vol5 TPVV without 

zero-detect 

RAID 1 FC 200 GB  4,128 4,127 

 
Figure 16. HP 3PAR Zero-Detect with TPVV during VM creation (EZT VMDK). 

 

Our Zero-Detect use case results show the significant space savings realized with the HP 3PAR Zero-Detect functionality 

enabled during the creation of VMs with VMware EZT option enabled, a space savings of 99 percent. 

Note 

HP 3PAR TPVVs consume user space, admin space, and possibly snapshot space on the disk array. The output of the CLI 

command examples in this paper shows the reserved and the raw reserved space. The reserved space is what is offered by 
the array as usable space to the host. This value is also shown in the HP 3PAR Management Console in the reserved user 

size column for a TPVV and in the pie chart for the logical option in the summary tab for the virtual volume details screen. 

The raw reserved space is calculated from the reserved space by multiplying the latter by its RAID overhead factor.  

For more information on HP 3PAR TPVVs, see HP 3PAR thin technologies white paper. 

http://h20195.www2.hp.com/v2/GetPDF.aspx%2F4AA3-8987ENW.pdf
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Note the graph in figure 16 and CLI example in figure 17 show the capacity used after the Zero-Detect test case was 

completed. Three VMs were created on each TPVV; two VMs with 1,024 MB EZT virtual disks and one VM with a 2,048 MB EZT 

virtual disk. Each virtual disk was zeroed-out (only zeroes were written) upon VM power on. 

Figure 17. HP 3PAR CLI output (showvv command) after Zero-Detect tests with TPVVs and VM creation (EZT VMDK). 

 

Interpreting results 

Only drives in the Fibre Channel tier in the HP 3PAR StoreServ 7400 array were used in this test. Table 1 summarizes the  

HP 3PAR TPVV comparison; both TPVVs are the same configuration and size. TPVV vol3 has Zero-Detect enabled, whereas 

TPVV vol5 does not. Take note of the difference in USR used space (4,127 MB) on vol5 with Zero-Detect disabled and the 

USR used space of 8 MB on vol3, which has Zero-Detect enabled. Zero-Detect results in a 99 percent reduction in the USR 

used space consumed by the VMs.  

Without the benefit of HP 3PAR Zero-Detect, VMs and their corresponding virtual disks (VMDK) demand, in our test, 515X 

more storage space be allocated upfront on the thin-provisioned volume, reducing the benefits of thin provisioning and 

causing the storage to look like a traditional storage array. When the thin-provisioned volume has the zero-detect feature 

enabled, almost zero storage space was used during EZT VMDK creation and the subsequent zeroing out the VMDK. The  

HP 3PAR ASIC, with its zero-detect capability, increasing the efficiency of thin-provisioned storage on an HP 3PAR StoreServ 

Storage system. 

Tip 

The HP 3PAR CLI commands are useful for interrogating StoreServ arrays at the vvol level. The showvv command is used 

to verify whether a particular storage device is thin-provisioned. The command can be run from an SSH session to the 
vSphere host. In this example, --server=server_name specifies the target server. The specified target server prompts you 

for a user name and password. Other connection options, such as a configuration file or session file, are supported. For 

more information on HP 3PAR CLI commands and their related options, see HP 3PAR Command Line Interface 

Administrator’s Manual and the HP 3PAR Command Line Interface Reference. 

To display information about a vvol or tpvv on an HP 3PAR StoreServ Storage system, use the showvv command as shown: 

# showvv –s 

HP 3PAR Thin Deduplication and VMware vSphere 

With the increasing use of flash in virtualization environments, deduplication for primary storage arrays has become critical. 

The potential benefits of deduplication correlate directly with data redundancy. For example, VM images and client 

virtualization environments with hosted virtual desktops are both characterized by a high degree of data redundancy, 

meaning that these are two use cases where primary deduplication fits well. 

The main issue that primary deduplication typically faces is that, particularly in virtualized environments, primary storage 

arrays are subjected to unpredictable performance demands that can require simultaneously low latency and high 

throughput. The impact of deduplication on performance is determined by various parameters such as whether 

deduplication takes place inline or as a background process and the level of granularity used for deduplication operations. 

HP 3PAR StoreServ Storage offers the only solution in the industry that uses built-in, silicon-based mechanisms and a 

patented express indexing feature to protect flash performance while delivering extremely efficient, highly granular  

block-level deduplication. Unlike other approaches, HP 3PAR Thin Deduplication software performs a full check on all data 

before marking it as duplicated, which is essential to deliver data integrity for virtualized and mission-critical environments. 

 

http://h20566.www2.hp.com/portal/site/hpsc/public/psi/manualsResults/?sp4ts.oid=5335712
http://h20566.www2.hp.com/portal/site/hpsc/public/psi/manualsResults/?sp4ts.oid=5335712
http://h20566.www2.hp.com/portal/site/hpsc/public/psi/manualsResults/?sp4ts.oid=5335712
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VMware vSphere UNMAP Space Reclamation  

Traditionally, when data is deleted on a physical host, the OS reports that space has been freed, but the storage array is not 

informed that the data is no longer in use. With fully provisioned volumes, this is not an issue. With thin-provisioned 

volumes, the unused space remains allocated on the storage array, causing the volumes to grow over time. Having physical 

capacity allocated to deleted or moved data creates a hidden utilization penalty that can significantly reduce the space 

savings of thin provisioning. This storage penalty affects VMware vSphere hosts in a similar manner; when VMs are deleted 

or migrated from a TPVV, vCenter reports available storage space on the volume but the blocks for the deleted or moved 

VMs and files remain allocated at the storage level, resulting in over-provisioning.  

UNMAP is an SCSI command that a vSphere host can issue to inform the storage array that specific blocks no longer need to 

be allocated. This is particularly important in thinly provisioned environments as it allows the storage array to recognize that 

these blocks are not used and to return them to the free capacity pool for reuse by other volumes. The HP 3PAR OS support 

for the WRITE_SAME and UNMAP commands of the T10 SCSI Primary Commands-3 (SPC-3) standard and the zero-detection 

capabilities of the HP 3PAR ASIC give HP 3PAR StoreServ Storage the power to reclaim unused space associated with 

deleted data simply, quickly, and non-disruptively. 

Those new to Thin Provisioning often like to verify Thin Persistence reclamation by creating a test scenario of filling a file 

system then deleting the files and running a space reclamation tool. It is important to understand that the space may not be 

returned to the CPG immediately. The showvv –s command shows how much space has been allocated to the TPVV. The 

difference between the space in use and the reserved space shows the amount of space reclaimed for use within the TPVV. 

The amount of reserved space decreases over time as the space is reclaimed back to the CPG in the background by the 

reclaim thread. 

vSphere Thin Provisioning Block Space Reclamation (UNMAP) 

As discussed earlier, the UNMAP primitive is used by the ESXi host to UNMAP vSphere free disk blocks left behind after 

deleting a VM or migrating it to another data store using Storage vMotion, in order to reclaim them.  

To use the UNMAP command, first confirm that the UNMAP VAAI primitive is enabled for block space reclamation on the  

HP 3PAR Storage volume. Determine this is by running the following command: 

esxcli storage core device vaai status get -d <naa> 

The storage device displays delete status as supported, meaning that it is capable of sending SCSI UNMAP commands to 

the array when a space reclaim operation is requested (figure 18). 

Figure 18. Example of ESXCLI command storage VMFS extent list. 

 

Tip 

To reclaim unused storage blocks on a VMFS data store for a thin-provisioned device, run the command: 

esxcli storage vmfs unmap --volume-label=volume_label|--volume-uuid=volume_uuid --

reclaim-unit=number 

To verify that the UNMAP primitives are being issued to the vSphere host, run ESXTOP. Press “u” to get into the disk device 

view, then press “f” to change columns, and press “o” and “p” to select display “VAAISTATS” and “VAAILATSTATS/cmd” 

fields. Monitor the values under “DELETE”, “DELETE_F”, and “MBDEL/s” columns during a space reclaim operation.  
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In vSphere 5.5, the vmkfstools -y command has been superseded by a new esxcli command. The # esxcli 

storage vmfs unmap command is used to perform this operation. UNMAP namespace has been added that allows 

deleted blocks to be reclaimed on thin-provisioned LUNs that support the UNMAP primitive. The reclaim mechanism has 

been enhanced so that the reclaim size can be specified in blocks instead of a percentage value. The unused space is 

reclaimed in increments instead of all at once. However, the reclaim operation is still manual.  

To reclaim unused storage blocks on a vSphere 5.5 VMFS data store for a thin-provisioned device, run the command:  

# esxcli storage vmfs unmap –l volume_label | -u volume_uuid [–n number]  

The data store to operate on is determined by either using the -l flag to specify the volume label or -u to specify the 

universal unique identifier (UUID). The optional -n flag sets the number of VMFS blocks to UNMAP per iteration. If it is not 

specified, the command uses a default value of 200.  

For more information on using the command for thin-provisioned block space reclamation, refer to VMware knowledgebase 

article Using esxcli in vSphere 5.5 to reclaim VMFS deleted blocks on thin-provisioned LUNs (2057513). 

Virtual machine guest OS and thin reclaim 

The VMware hypervisor does not report storage array disks as being thin-provisioning capable to the VM’s guest OS. To 

reclaim thinly provisioned storage, you must leverage the zero detection capabilities of HP 3PAR StoreServ Storage. This 

means using standard file system tools (such as SDelete [Secure Delete] in Microsoft Windows, dd in UNIX®/Linux) to write 

zeros across deleted and unused space in a VM’s file system. The zeros are be autonomically detected by the HP 3PAR ASIC 

and the disk space they were consuming is freed and returned to the thin-provisioned volume. 

Windows Server® versions before 2012 do not implement UNMAP support and Windows VMs hosted on a vSphere host lack 

UNMAP capability. To reclaim thinly provisioned storage you must leverage the zero detection capabilities of HP 3PAR 

StoreServ Storage.  

Microsoft provides a Sysinternals advanced system utilities suite that includes the SDelete application that can be used to 

overwrite deleted file’s on-disk data, making disk data unrecoverable. As well as overwriting a single file data space, SDelete 

can indirectly overwrite free space by allocating the largest file it can, and then performing a secure overwrite, facilitating 

that all the disk space that was previously free becomes cleansed. You can use this feature of SDelete to perform thin 

reclamation on zero-detect enabled HP 3PAR StoreServ Storage volumes by specifying the -z flag when running SDelete to 

write zeros to the free space.  

An alternative solution is to create a PowerShell script that uses fsutil to create a balloon file that is limited to a certain 

percentage of the free space. 

Test case—HP 3PAR TPVV and VMware Block Space Reclamation (UNMAP) 

To test the potential savings of the UNMAP command on a set of HP 3PAR volumes, a simple test environment was built to 

explore the impact on capacity utilization and efficiency of an HP 3PAR TPVV after VMs are moved or deleted. The test was 

run on four identical volumes to examine the performance impact of changing the UNMAP reclaim units.  

The test environment consisted of an HP 3PAR StoreServ 7400 hybrid storage array configured with nearline, Fibre Channel, 

and SSD tiers. This test used four 1,024 GB, RAID 6 TPVVs created on the HP 3PAR Fibre Channel drive tier. Each TPVV was 

populated with VMs and a Microsoft SQL Server database was also introduced on the TPVVs along with the VMs.  

Two 200 GB VMs were deleted from the data store located on each of the HP 3PAR TPVVs, which also contained the SQL 

database workload. Then an UNMAP command was executed via an SSH session to the vSphere host to reclaim the capacity 

on the TPVV. The UNMAP reclaim units (storage blocks to be reclaimed) was increased in each test executed; this was done 

to reclaim unused blocks of storage space in less time. 

The TPVV space was monitored at the HP 3PAR StoreServ layer with the CLI command showvv introduced earlier in this 

paper (figure 19). Using the showvv as the preferred monitoring command since the HP 3PAR StoreServ Storage is 

efficient at reusing reclaimed thin space in a short time, monitoring the CPG could obscure the reclaim operation. 

http://kb.vmware.com/selfservice/microsites/search.do?language=en_US&cmd=displayKC&externalId=2057513
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Figure 19. Example of showvv HP 3PAR CLI command for vol3—original used space and TPVV used space after UNMAP space reclaim. 

 

Test findings—HP 3PAR TPVV and VMware Block Space Reclamation (UNMAP) 

Table 2 shows the results of the tests. Column 5 and 6 reveal the space at the TPVV level after VMs are deleted and then the 

space used at the TPVV level after issuing the VMware UNMAP command. Looking at vol2 as an example, over 99 percent of 

the capacity is reclaimed compared to the used space prior to UNMAP.  

Looking at the rest of the table, the third column shows the total size (in GB) of all VMs deleted from each volume. The 

fourth column is the number of blocks VMware UNMAPs per iteration. The fifth column is the used USR space (in MB) on the 

TPVV after the VMs were deleted, as reported by the showvv command, and before the VMware UNMAP command was 

executed. The sixth column is the TPVV’s used USR space (in MB) after the VMware reclaim UNMAP esxcli command  

was executed.  

The last column shows the elapsed time to complete the UNMAP space reclaim operation. As the UNMAP reclaim units are 

increased (fourth column), the time to complete the space reclaim (last column) decreases. The results show that there is 

benefit to increasing the reclaim unit size from the default of 200 MB to reduce the amount of time that UNMAP takes to 

complete. The peak service times reflect the impact an UNMAP request has on storage performance. This impact occurs on 

all storage arrays because of the workload from the UNMAP command, which is a very I/O intensive operation. As a result, it 

is recommended to do UNMAP operations during off-peak hours so there is less impact on VM workloads. 

Table 2. VMware UNMAP space reclamation test results.  

1 2 3 4 5 6 7 8 9 

TPVV Total 

vvol 

size 

in GB 

VMDK 

removed 

in GB 

UNMAP 

reclaim 

units 

Used 

USR 

space 

(MB) 

before 

reclaim 

Used 

USR 

space 

(MB) 

after 

reclaim 

Peak service 

time/latency 

before 

reclaim (ms) 

Peak service 

time/latency 

(ms) during 

reclaim 

Time 

UNMAP 

took to 

complete 

reclaim 

TPVV vol2 

(RAID 6 

FC) 

1,02

4 

400.0 200 410,386 4,852 .4 4.5 9 min  

TPVV vol3 

(RAID 6 

FC) 

1,02

4  

400.0 800 410,216 4,848 .5 5.5 8 min 

TPVV vol4 

(RAID 6 

FC) 

1,02

4 

400.0 1,600 412,762 4,922 .5 5.5 6 min 

TPVV vol1 

(RAID 6 

FC) 

1,02

4 

400.0 3,200 412,765 4,934 1.0 5.7 6 min 
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Interpreting results 

Only drives in the Fibre Channel tier in the HP 3PAR StoreServ 7400 array were used in this test. The combination of 

VMware’s Thin Space Reclamation (UNMAP), HP 3PAR Thin Provisioning and HP 3PAR Thin Persistence software helps 

realize greater storage efficiencies in a fluid virtualization environment. As demonstrated in the above example, the 
reclamation tools can result in significant capacity savings—99 percent capacity savings in the test environment  

used—that help keep a storage environment as thin as possible over time. VMware vSphere administrators can use  

these tools to address the effects of virtual machine sprawl and reclaim valuable storage resources. 

Storage management tools for VMware vSphere  

HP OneView for VMware vCenter 

HP OneView for VMware vCenter integrates as a plug-in with the vCenter Server, Web UI, and vSphere Client software.  

The VMware administrator accesses the vCenter Server management capabilities, including the functionality of the plug-in, 

using the vSphere Client software installed on the end user’s system.  

After registering with the vCenter Server, all vSphere clients connected to that vCenter Server get access to HP OneView for 

VMware vCenter through the HP Management tab. 

Figure 20. A typical VMware configuration with HP storage and HP OneView software integration into the environment. 

 

HP OneView for VMware vCenter software establishes a connection with vCenter Server. The storage module uses this 

connection to resolve the disks for each ESX/ESXi host, data store, and VM. After resolving these disks, the storage module 

then creates a connection to all configured HP 3PAR StoreServ Storage systems to resolve the disks visible by the ESX/ESXi 

host to the LUNs presented from the HP storage systems. When LUNs are successfully resolved, the relevant storage 

information is cached or displayed in context with the vSphere Client. 

The HP Management tab located under the VMware “Manage” tab provides detailed topology and properties of your  

HP Infrastructure in the context of the selected cluster, host, VM, or data store. This tab starts as an overview dashboard 

and then drills down into the physical infrastructure. Additionally, the user can access storage information from either the 

cluster, VM, data store, or host level from within the vSphere interface. This can be done by selecting the specific vSphere 

object in the tree on the left and then selecting the HP Management tab. 

The storage module of HP OneView for VMware vCenter has the ability to manage storage provisioning from within the 

vSphere Client for the HP 3PAR StoreServ and other HP storage arrays. The user has the ability to add or remove LUNs from 

the VMware vCenter configuration without the need to go to a different management tool for the array, as well as to clone 

or create new VMs based on either existing VMs or a pre-created template. 
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HP OneView Integration with VMware vCOPS 

HP OneView for VMware vCenter Operations Manager provides integrated and highly automated performance, capacity, 

configuration compliance, and cost management tools to the VMware vCenter Operations Manager (vCOPS) custom GUI.  

The software uses the vCOPS analytics engine that analyzes what is normal and then applies those norms to a dynamic 

server environment. For information on vCenter Operations Manager, see VMware vCenter Operations Manager Enterprise 

documentation at vmware.com/support/pubs/vcops-pubs.html. 

When the HP OneView for VMware vCenter Operations Manager is installed, the custom HP OneView Dashboard is added to 

the vCenter Operations Manager custom GUI. HP OneView Dashboard allows you to monitor resources in a vCenter 

environment. The analytics engine allows for proactive monitoring of the HP OneView resource environment and indicates 

the state of the resources. If a problem occurs, an alert is triggered and displayed. The analytics engine also provides 

proactive prediction, which can determine the point in the future when a resource can reach a critical level. 

For more information on HP OneView for VMware vCenter, visit the HP Converged Infrastructure Management website or 

view the HP OneView demo. 

Conclusion and benefits 

By now, it is clear that virtualization is only going to continue to grow exponentially in enterprise environments. 

Compounded with trends like virtual desktop infrastructure (VDI) and Big Data, the I/O blender effect will only worsen if 

companies do not act now and plan for the future.  

Deploying HP 3PAR StoreServ Storage in VMware vSphere environments helps remove the management, provisioning, and 

monitoring headaches associated with most storage platforms. Purely architected and traditional SAN storage struggles to 

meet the performance and agility needs of a virtualized server environment, whereas HP 3PAR StoreServ Storage meets or 

even exceeds the heavy demands that server virtualization places on storage, using massive parallelization for exceptional 

performance and high availability features for superior resilience, enabling clients to consolidate with confidence.  

As shown in table 3, the savings realized in capacity utilization and time efficiency with the HP 3PAR StoreServ 7400 hybrid 

array in a VMware vSphere environment is significant. 

Table 3. Overview of test findings.  

Storage 

technology 

HP 3PAR support VMware support Storage efficiency Savings 

HP 3PAR wide 

striping 

Native to HP 3PAR 

architecture 

N/A Less wasted disks in 

storage array between 

RAID volumes 

• 89% decrease in read  

    latency of vSphere  

    hosts 

• 98% decrease in write  

   latency of vSphere  

   hosts 

HP 3PAR Priority 

Optimization 

Priority Optimization 

license required 

Storage 

Distributed 

Resource 

Scheduler (DRS) 

Less than 1% impact 

upon tier-1 application 

read/write latency 

Improves ability to meet 

business/application 

service-level agreement 

(SLA) 

HP 3PAR Zero 

Detect 

Inline at HP 3PAR 

silicon layer 

VAAI 99% difference in 

TPVV used space 

Decreased write I/O, less 

storage network traffic 

Thin Space 

Reclamation 

HP 3PAR Thin 

Persistence license: 

UNMAP supported in 

firmware 

UNMAP native to 

vSphere 5.5 

99.68% of vSphere 

space deleted was 

reclaimed on TPVV  

35% quicker with higher 

reclaim units 

 

Support for the latest version of VMware vSphere and integration with vSphere Storage APIs delivering enhanced 

performance, agility, and scalability in vSphere environments, while HP 3PAR Thin Provisioning software allows physical 

storage to be consumed only when required for actual written data, rather than when allocated.  

http://www.vmware.com/support/pubs/vcops-pubs.html
http://www8.hp.com/us/en/products/server-software/product-detail.html?oid=4152978#!tab=features
http://h17007.www1.hp.com/us/en/enterprise/servers/products/infrastructure-management/index.aspx?demo=demos&jumpid=sc_r186_ww/en/led/tsg/HPOneView-social-demos#.VBwnZ7Hn_3s
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HP 3PAR Priority Optimization (QoS) can be used to tailor virtual machine performance at the storage layer, enabling tier-1 

production applications to perform well in multi-tenancy environments, regardless of other workloads.  

HP 3PAR StoreServ Storage is the only platform that offers a comprehensive thin strategy that not only allows storage to 

start thin, but to get thin and stay thin. HP 3PAR Thin Provisioning software is a simple yet powerful tool for improving 

storage efficiency. Following the best practices outlined in this paper allows IT staff to help maximize the benefit of  

HP 3PAR Thin Provisioning and do more with less. To supplement the dramatic savings of thin provisioning, HP 3PAR 

StoreServ Storage features a unique HP 3PAR ASIC with thin capabilities built in and a range of software offerings that can 

save enterprises 50 percent or more on the cost of a storage technology refresh. Together, HP 3PAR Thin Provisioning and 

the accompanying HP 3PAR thin technologies not only help minimize upfront and ongoing storage costs, but also the cost 

of housing, powering, cooling, and managing storage so that enterprises can shift resources away from operations and 

apply them to innovation. 

Table 4. Challenges of virtualization and solutions. 

Virtualization challenges Storage need Solutions—HP 3PAR and VMware 

vSphere 

I/O blender effect, performance 

bottlenecks 
Predictable and scalable storage Modern HP 3PAR architecture built to 

support dynamic and unpredictable 

workloads in a multi-tenant VMware 

vSphere environment 

Storage capacity limitations  Highly efficient thin technologies HP 3PAR StoreServ TPVV + VMware 

Thin Space Reclamation resulting in 

space efficiency of 33% 

Storage provisioning waste, hot 

spots 
Wide-striping HP 3PAR StoreServ native wide-striped 

storage array provides space-efficient 

provisioning, improved data resiliency, 

and reduction in workload latency by 

70% over traditional non-wide striped 

storage 

Fully provisioned VMs waste storage Improved efficiency to prevent zero 

data being written to storage 

HP 3PAR ASIC with real-time  

Zero-Detect enables 60% improved 

space utilization by reducing writing 

zero data to storage 

Multi-tenancy, competing 

workloads  
Prioritization of storage resources by 

workload 

HP 3PAR Priority Optimization 

Management complexity Simplified management interfaces and 

interoperability 

VMware vCenter, integration with 

storage via HP OneView for VMware 

vCenter, VMware vCOPS 

 

As IT administrators and CIOs face the challenges captured in table 4 more and more as virtualization environments grow, 

having a strong storage foundation is critical to managing those challenges without impacting operating expenditures 

(OPEX) and capital expenditures (CAPEX) budgets. HP 3PAR StoreServ is well positioned as a storage leader for virtualization 

because of its advanced architecture and unique ability to address each of these challenges. 
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