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EXECUTIVE SUMMARY
Hewlett Packard Enterprise and VMware® have partnered to develop joint solutions for SAP HANA® that work optimally across hardware and
software, with a complement of services. The industry-leading combination of HPE Tailored Datacenter Integration (TDI) configurations for SAP
HANA and VMware vSphere® virtualization technology accelerates decision making by providing the ability to rapidly deploy SAP HANA, while
significantly reducing Total Cost of Ownership (TCO).
Running the SAP HANA platform virtualized on VMware vSphere, Hewlett Packard Enterprise, and SAP® customers can leverage an industrystandard data center platform, optimized for agility, cost savings, and easy provisioning. The solution enables the provisioning of SAP HANA
instances much faster.
SAP HANA on VMware vSphere provides the following advantages:
• Running multiple SAP HANA production instances on a single server
• HPE Persistent Memory support for virtual machines
• Live migration of running SAP HANA instances, with VMware vSphere vMotion®
• Standard high availability, based on VMware vSphere High Availability (HA)
• Built-in multi-tenancy 1 support, through system encapsulation in a virtual machine (VM)
• Abstraction of the hardware layer
• Higher hardware utilization rates
• Flexibility for customers to choose SLES or RHEL operating systems on the virtual machines
Virtualizing SAP HANA with VMware vSphere on HPE TDI building blocks helps to make business decisions with truly complete systems that
simplify IT through quick deployment, intuitive management, worldwide consulting, and support. The solution also allows us to streamline
common tasks and manage the SAP HANA environment effectively.
Hewlett Packard Enterprise offers a set of SAP certified TDI configurations. Customers can choose any certified TDI configuration as per business
requirements. Among the many TDI configurations available from Hewlett Packard Enterprise, a specific configuration with HPE Superdome Flex
and HPE 3PAR has been chosen here to build this solution and to illustrate the configuration and tests in the lab environment.
What’s new?
In our previous virtualized solutions for SAP HANA, we have hosted eight (8) VMs with SAP HANA instances on a 4-socket Skylake Server
having 3 TB memory. Our current offerings showcase the Cascade Lake processor based on an 8-socket HPE Superdome Flex server capability
of running 16 VMs with SAP HANA instances which has 6 TB of memory. The TDI KPI’s were achieved in this configuration.
VMware’s new storage architecture called VMware Virtual Volumes (vVols) has been used in this solution to provide the required storage for
virtual machines from HPE 3PAR. VMware vVols are integrated with HPE 3PAR which doesn’t require any additional plug-in for virtual machines
to access the storage.
Benefits of vVols in a virtualized environment:
• Direct storage management from vCenter™ Server
• Simplified storage management and more-granular virtual machine control
• With vVols, a single datastore provides the required storage for virtual machines
• Thin provisioning volumes - More dynamic way of storage capacity management and helps to optimize storage cost

1

Not tested as part of this solution.
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HPE Persistent Memory is an emerging technology where non-volatile media is placed on to a Dual In-line Memory Module (DIMM) and installed
on the memory bus that bridges the gap between DRAM and persistent storage. VMware supports PMEM configuration with vSphere 6.7U3.
The PMEM configuration is supported by the VMware patch EP14 onwards.
For more information on configuring PMEM devices in a VMware environment for the SAP HANA database, see Appendix D.
The scope of this solution is to create multiple VMs (with SAP HANA instances) in different sizes by reducing the storage management effort
with the help of VMware vVol architecture. This document also showcases the PMEM configuration guidelines in VMware and SAP HANA
environment.

NOTE
VMware with SAP HANA is supported on 4-socket and 8-socket Cascade Lake servers. In these configurations, the maximum supported RAM
size of a virtual machine is 6 TB. In an 8-socket HPE Superdome Flex server with glued architecture, RAM for a single virtual machine should not
span across the chassis. This configuration is currently not supported. For more information, see VMware vSphere support Matrix for SAP HANA.
For testing this solution, we have glued two (2) four (4)-socket 3 TB servers and configured them as a single eight (8)-socket 6 TB server. The
maximum memory of a virtual machine tested in this server is 2.5 TB, considering the standard 10-12% reservation of resources for VMware
ESXi™ server operations and also limiting the memory of a virtual machine in a glued system to not span across the chassis.
Target audience: This document is intended to assist solution architects, database, and SAP Basis consultants or administrators, storage
administrators, or IT professionals who are involved in planning and deploying virtualized HPE TDI configurations for SAP HANA using VMware.
This document assumes that the reader has experience with the deployment of the SAP HANA database on HPE TDI configurations for SAP
HANA. Working knowledge on the server, storage, networking, and virtualization are recommended.
Document purpose: The purpose of this document is to provide guidance to deploy SAP HANA in virtualized environments consisting of HPE
TDI configurations and to highlight recognizable benefits to the technical audience.

INTRODUCTION
Hewlett Packard Enterprise has a portfolio of certified servers as well as storage arrays and offers solutions for running SAP HANA in a
virtualized environment. The solutions are designed for mission-critical enterprise computing. Designing and implementing solutions for SAP
HANA in a virtualized environment can be a challenging task. This solution is designed to make sure the SAP HANA databases are performing at
their best in a VMware vSphere environment.
There is no doubt that virtual infrastructure has tremendous benefits for the modern data center. But it has introduced new challenges for
storage management. The challenges are:
• Difficult to directly manage the data storage needs of individual virtual machines
• Administrators are not familiar with the storage systems to meet application-specific performance and availability requirements
• Managing storage array with vendor-specific tools and plug-ins
• Data services are not aligned to individual virtual machines
When it comes to virtualization, there are different mechanisms to access storage. Raw Device Mapping (RDM) is one of the methods to access
the storage. In Raw Device Mapping, a whole device must be mapped to a virtual machine. It won’t allow partial capacity from the LUN to be
added as a disk. Creating an RDM is a process that includes the creation of volume on the storage array, connect it to the host, rescan, and then
add it to the virtual machine. RDM doesn’t have policy-based storage management.
In a traditional LUN centric approach, multiple virtual machines are sharing the same VMware datastore. With this approach, multiple datastores
were created to address the performance issues which had more complexity of management, hard to find the forecast of storage growth and
there was no single point of policy management.
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To address the challenges, VMware vVol comes with a new approach that bridges the gap between the virtual machine and storage array.
VMware vVol is an integration and management framework for external storage. vVols streamlines the storage operations by using a policydriven approach, enabling more agile storage consumption for virtual machines. This new approach allows the storage array to directly interact
with the virtual machines. vVols provide simplified storage management, improves virtual machine's efficiency, use storage as required (thin
provisioning), and enable dynamic space reclamation on storage.
Figure 1 shows the pictorial representation of different approaches of accessing the storage array namely, Raw Device Mapping (RDM),
Traditional LUN centric, and VMware vVol.

FIGURE 1. Different approaches between virtual machines and storage array

VMware vVols performs better over RDMs and the traditional LUN centric approach, in other areas such as creation, data protection, space
reclamation, and so on.
With the rapid growth of data, the optimization of database plays a major role in implementing new technology or feature. HPE Persistent
Memory is an emerging technology where non-volatile media is placed onto a DIMM and installed on the memory bus. These persistent memory
modules come in 128 GB, 256 GB, and 512 GB capacities. Using HPE Persistent Memory, data reloading from storage is not required after the
server restart. Unlike DRAM, HPE Persistent Memory retains data when the power to the server is lost or the server reboots.
SAP HANA known to be a popular in-memory database can take full advantage of the HPE Persistent Memory technology, which helps in faster
database start-up time. VMware release of vSphere 6.7U3 supports HPE Persistent Memory technology for the ESXi host and its virtual
machines.
This solution offers customers to deploy their SAP HANA database in a virtualized environment using a single `Storage Container’ from HPE
3PAR which provides the storage space required for SAP HANA DATA, LOG, SHARED, USRSAP, and OS volumes.
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HPE TDI configurations for SAP HANA
For SAP HANA TDI configurations, the customer has the flexibility to choose multiple combinations of SAP certified HPE hardware. The list of
SAP certified HPE hardware components includes server, storage, and networking. They are discussed in detail in the following sections.
Server
The Hewlett Packard Enterprise server portfolio includes various SAP TDI certified server blocks (e.g., HPE ProLiant DL560 Gen10, HPE
Superdome Flex, HPE Synergy, and so on). For more information, refer to SAP Certified HPE Servers.
The maximum number of virtual machines that can run on a physical server can be derived based on the following factors:
• Number of physical CPUs (cores and threads)
• Network cards (the dual-port for redundancy and speed)
• Workloads (I/O size)
VMware has a support matrix for multiple virtual machines running on a physical server based on the CPU model (e.g., Skylake and Cascade
Lake). As an example, this TDI solution is designed to showcase 16 VMs (with SAP HANA production instances) running on a physical server.
Hewlett Packard Enterprise always tests all possible scenarios to get the best performance out of the server. In this solution, 16 virtual machines
have been tested with a full load, where all the virtual machines were running concurrently.
To run sixteen (16) VMs in a TDI environment, the server should have eight (8)-sockets, required memory (based on the virtual machine size),
and required storage disks. The server will use approximately 10-12% of the memory for system resources of VMware ESXi hypervisor.
Storage
HPE’s storage portfolio includes various SAP TDI certified storage blocks, i.e., HPE Modular Smart Array All-Flash storage, HPE Nimble, and HPE
3PAR Storage. Customers can choose Solid State Drive (SSD) disks based on their Key Performance Indicator (KPI) requirement in their storage
environment. For more information, refer to SAP certified HPE storage.
Fibre Channel switches
To set up ESXi servers using Fibre Channel switches, the following things need to be considered:
• Number of ports and bandwidth
• Port speed – choose a minimum of 16 GB per switch port (same or higher speed of a server HBA port)
• Fibre Channel switches recommended by Hewlett Packard Enterprise
• High availability between Fibre Channel switches (ISL 2)
To ensure high availability, consider deploying two Fabrics of Fibre Channel SAN switches to avoid a single point of failure.
Network
The components of an SAP HANA system communicate via different network cards. SAP HANA uses multiple network connections to transfer
data for replication, and backup requirements. The eight (8)-socket server requires 10/25GbE 3 dual-port network cards. Customers can add
more network cards based on their environment to get the required bandwidth. For example, a single virtual machine requires ~30Gbps of
network bandwidth for Data, Replication, and Backup. So, customers should plan and size the required bandwidth to run multiple virtual
machines.

2
3

Inter Switch Link (the connection between two Fibre Channel switches).
For running 16 virtual machines with high load, customers can use a 10/25GbE network card.
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NOTE
This solution was tested in the lab using HPE Superdome Flex server (8-socket with 6 TB of memory), HPE ProLiant DL360 Gen10 server, HPE
3PAR 8400 with SSD disks, and HPE FlexFabric 5945 network switches in a scale-up environment. Customers can choose the SAP certified HPE
hardware for their environment.

SOLUTION OVERVIEW
The solution is designed to run 16 VMs on an eight (8)-socket server with SAP HANA instance using VMware vVol on a single host. This
solution is built with HPE Superdome Flex server, HPE 3PAR 8400 StoreServ storage, HPE FlexFabric 5945 network switches, HPE SN6000B
Fibre Channel switches, and VMware 6.7U3. This solution provides end-to-end configuration guidelines for using SAP HANA in a virtualized
environment.
HPE Superdome Flex Server for SAP HANA Scale-up TDI Configurations, built with an industry-leading high-density and highly scalable four (4)socket and eight (8)-socket configurations, featuring the Intel® Xeon® Scalable 2nd Generation Processor (Cascade Lake) architecture, allows
SAP customers to harness the power of in-memory computing with SAP HANA applications for real-time business results, delivered on a
mission-critical, optimized, and high-performance infrastructure. This solution is designed with HPE Superdome Flex server and VMware vSphere
6.7U3 that enables its users to deploy and configure multiple VMs flawlessly.
HPE 3PAR StoreServ 8400 storage systems with VMware vSphere 6.7U3 enables its users to maximize virtual machine density on physical
servers through wide striping, mesh-active clustered architecture, and mixed workload support. The solution is designed to get the best KPI for
SAP HANA on the eight (8)-socket server by carving out HPE 3PAR Storage Container.
High Availability has been maintained by two network switches and two Fibre Channel switches in this solution.
The solution workflow has been illustrated in Figure 2. A datapath has been created between ESXi host and storage via Protocol Endpoint.
Protocol Endpoint acts as a proxy to direct the information coming from the ESXi host to the correct vVol on the array. The VASA provider helps
to enable three-way communication among ESXi host, Storage, and vCenter Server. VMware has implemented an Application Program Interface
(API) called “VASA - VMware API’s for Storage Awareness” which is used to manage all aspects of Virtual Volumes from the storage. VMware
VASA Application Program Interface (API) enables the vCenter Server to recognize the capabilities of storage. VASA is integrated on HPE 3PAR
Storage and it acts as a VASA provider.
The Storage Container is a pool of raw storage capacity created on HPE 3PAR Storage that acts as a logical grouping of vVols. Passing the
required information from the storage array to the ESXi host is handled by the VASA provider. When the virtual machine is powered on, the
VASA provider is used to bind the vVols with the virtual machine. VMware vVol is a new method of consuming storage resources more flexibly
by eliminating the traditional physical LUN approach. VMware vVols are encapsulations of virtual machine files, virtual disks, and their
derivatives. A virtual machine that runs on the vVols datastore requires a virtual machine storage policy. VM storage policy is created with a set
of rules which define the storage requirement for virtual machines. For more information on vVol terminology, refer to VMware Virtual Volumes
(vVols) section in this document.
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Figure 2 shows the solution workflow.

FIGURE 2. Solution workflow

For each virtual machine, SAP HANA DATA, LOG, SHARED, USRSAP, and Guest OS have been carved from a single vVol datastore. To get the
best performance of the SAP HANA database, some tunable parameters are used in this solution. For more information about SAP HANA
database tunable parameters used in this solution, refer to the SAP HANA performance recommendations section. This solution also covers
backup and recovery of VMs and SAP HANA System Replication in a virtualized environment.
As part of this solution, the PMEM configuration has been tested in a four (4)-socket HPE Superdome Flex server environment and monitored
the uptime of the SAP HANA database.
Virtual machine design consideration in a PMEM environment
In a four (4)-socket HPE Superdome Flex server, two (2) VMs can be configured per NUMA node, the recommended design is shown in Figure 3.
Each virtual machine would be allocated with PMEM capacity and the Non-Volatile Dual In-line Memory Module (NVDIMM) devices can be
created accordingly.
• In one VM configuration, 4 NVDIMM devices should be created. This configuration would use all NUMA nodes for a single virtual machine.
• In two VM configuration, 2 NVDIMM devices should be created. This configuration would use two NUMA nodes per virtual machine.
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• In eight VM configuration, a single NVDIMM device would be created per VM. Each NUMA node will serve two virtual machines. For more
information on NUMA node configuration refer to Figure 3.

FIGURE 3. NVDIMM device configuration per NUMA node
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Figure 4 shows the logical view of the entire solution.

FIGURE 4. Logical diagram of virtual HANA solution

Page 10

Reference Architecture

Page 11

Figure 5 shows the front view of the hardware in the test environment. HPE Superdome Flex server, HPE ProLiant DL360 Gen10 as vCenter
management server, HPE 3PAR 8400 storage, and HPE FlexFabric 5945 network switches are used.

FIGURE 5. Front view of an HPE Superdome Flex, HPE 3PAR 8400 StoreServ storage, and other networking components
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SOLUTION COMPONENTS
This section provides details of the software and hardware components that are used in this solution.
Table 1 shows the list of components.
TABLE 1. Solution components
Components
Hardware

Software

Description
Server

•
•
•
•

2x HPE Superdome Flex Server with 4 x Intel® Xeon® Platinum processor, Memory – 6 TB (ESXi server)
Network Card – 4x HPE Ethernet 25 Gb 2-Port 640SFP28 Adapter
Fibre Channel HBA – 2x HPE StoreFabric SN1100Q 16Gb 2-port
1x HPE ProLiant DL360 Gen10 server with 2 x Intel Xeon Platinum processor, Memory – 32 GB (vCenter
Server)

Storage

HPE 3PAR StoreServ 8400 storage, 32 x 3.84TB SSD disks, OS Version – 3.3.1 (MU3)

Switches

Network switches –2x HPE FlexFabric 5945

HPE Persistent Memory

128 GB and 256 GB DIMMs

VMware

VMware (ESXi 6.7U3), vCenter Server 6.7U3 4

Operating system

• SUSE Linux Enterprise Server (SLES) 15 SP1 for SAP HANA
• Red Hat® Enterprise Linux® Server (RHEL) 8.1 for SAP HANA
• Microsoft® Windows Server® 2016 (vCenter Server)

SAP

• SAP HANA Cockpit
• SAP HANA Studio

SAP HANA

SAP HANA database 2.0 SPS04

KEY POINT

With the release of SAP HANA 2.0 or later, SAP declares support for VMware vSphere 6.7 for multiple virtual machine deployments in production
scenarios of SAP HANA on TDI verified hardware configurations. For more information, refer to SAP Note 2393917.

CONFIGURATION GUIDELINES
The following section provides the guidelines of how to set up VMware ESXi (hypervisor), VMware vCenter Server, HPE 3PAR Storage
configuration, and networking for VMware in SAP vHANA environment.

Server configuration
Two HPE Superdome Flex servers were used to build an eight (8)-socket server for the VMware vHANA solution. In this solution, the HPE 3PAR
disk (SAN boot) is used for the operating system (ESXi) installation.

4

For more information, refer to vCenter Server hardware requirement.
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Figure 6 shows how to create an eight (8)-socket server using eRMC (Rack Management Controller) console. “hyper thread” and “ras 5” options
were used to create an eight (8)-socket server partition.

FIGURE 6. HPE Superdome Flex eRMC console

KEY POINT
Two HPE Superdome Flex servers are interconnected with the NUMA link to configure the eight (8)-socket server.

ESXi custom image for HPE Superdome Flex Server
Use HPE Superdome Flex customized VMware 6.7U3 image for installation that has HPE Superdome Flex server-specific drivers. For more
information, refer to https://www.hpe.com/psnow/doc/a00043141enw.

IMPORTANT: HYPERVISOR PATCH MANAGEMENT

Check and verify if the hypervisor needs to be patched based on the ESXi release. For more information on the latest hypervisor patches, refer to
vmware.com/patchmgr/findPatchByReleaseName.portal.

5

Reliability, availability, and serviceability – features of HPE Superdome Flex Server.
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Figure 7 shows the NUMA link connectivity between two 4-socket HPE Superdome Flex servers.

FIGURE 7. Representation of HPE Superdome Flex 4-socket server with NUMA connectivity

VMware vCenter Server
VMware vCenter Server is a data center management server that is used for the administration and monitoring of ESXi virtualized environments.
An HPE ProLiant DL360 Gen10 server (with 32 GB memory) was configured for VMware vCenter Server with Windows Server 2016 operating
system installed. For deploying VMware vCenter Server, refer to VMware vCenter Server Deployment Guide. High Availability of VMware vCenter
Server network configuration was maintained by implementing NIC teaming on Windows Server 2016. For more information on Windows NIC
teaming, refer to Microsoft NIC teaming guidelines.
VMware vCenter Server can be downloaded from
https://my.vmware.com/web/vmware/details?downloadGroup=VC670&productId=742&rPId=22644.
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Network
HPE Superdome Flex 8-socket Server has physical network ports as shown in Figure 8. The mappings of ports may vary from system to system.
To avoid a single point of failure, always bond across different network cards.

FIGURE 8. vSwitch with respective physical network ports of HPE Superdome Flex 8-socket Server

Create a vSwitch 6 by identifying the slot numbers and port numbers for Data, vMotion, Management, Replication, Backup, Quorum, and User/BI.
The vSwitch port mappings in virtualized environments are similar to bonds in the physical server. For more information on vSwitch, refer to

6

In this solution, a standard Virtual Switch has been used.
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Virtual Switch creation. A virtual machine Port Group was created for Data, Quorum, Backup, User/BI, and Replication. For more information on
virtual machine Port Group, refer to Figure 14. Customers can decide the bandwidth requirement based on the SAP HANA database workloads.
Network switch
In this solution, HPE FlexFabric 5945 switches are used. HPE Superdome Flex server, HPE ProLiant 360 Gen10 server, and HPE 3PAR 8400
storage connected to these switches. To maintain the high availability of network connection, the ESXi server’s network ports are connected
across two switches, e.g., vSwitch 3 (backup) from Error! Reference source not found., port PCI#14 port1 is connected to network switch1 and
PCI#11 port1 is connected to network switch2. For more information, refer to HPE FlexFabric 5945 Switch Series.

Network configuration
The VMware hypervisor server is connected to the network switches. There are multiple network cards in the hypervisor server which serve the
purpose of Management, vMotion, Replication, Backup, and Data. In the hypervisor server, the physical network interfaces are visible as virtual
network interfaces (vmnics).
Figure 9 shows the BIOS menu. Select the “Device Manager” to see the list of available devices on the HPE Superdome Flex server.

FIGURE 9. HPE Superdome Flex server BIOS menu (RMC console view)

As shown in Figure 10, selecting “Network Device List” shows all the available network devices and their respective MAC addresses. These MAC
addresses can be mapped with vmnics to identify the physical network cards on the ESXi server. The Network Device List displays the list of
available network cards and their MAC addresses. Capturing this information is useful while creating a virtual switch.

FIGURE 10. ESXi servers’ device manager and network device list (RMC console view)
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Figure 11 shows the MAC address information and the relevant 10GbE Network card.

FIGURE 11. Network card information (RMC console view)

HPE Superdome Flex 8-socket Server has four 25Gbps network cards. These cards are populated on PCI slots 11 and 14 respectively on each
node. To verify the MAC address of the network card, log in to the Rack Management Controller (RMC) console and run the “show chassis info”
command to get the list of network cards as shown in Figure 12.

FIGURE 12. Network card information (RMC Administrative console - command line)
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Figure 13 shows ESXi servers’ physical network Interface (NIC) mapping with VMware Virtual NIC. The MAC address and link speed would be
helpful to identify the physical network interface while creating a network bond (Virtual Switch).
As shown in Figure 13, verify the MAC address of the physical NIC before creating a virtual switch. The virtual switch has been created for DATA
(10 GB), DATA_1 GB, Replication, vMotion, Backup, User/BI, and Quorum network.

FIGURE 13. Physical NIC mapping with Virtual NIC of ESXi server

KEY POINT
While creating a virtual switch, always keep both physical network ports as “Active” to get more bandwidth.
Creating a virtual switch
The virtual switch is a logical switching fabric built into the VMware infrastructure (ESXi). An individual standard virtual switch 7 has been created
Data (1GbE), Quorum, Replication, Backup, User/BI, and Data (10GbE) networks as shown inError! Reference source not found.. Default virtual
switch names can be changed by editing the file “/etc/vmware/esx.conf” on the ESXi server. For more information, refer to vSwitch configuration
guide.
Follow these steps to create a new Virtual Switch:
Select the ESXi host in the vCenter server.
Select Configure  Networking  Virtual Switches  select “Virtual Machine Port Group for a Standard Switch” and click next.
Select a “New Standard Switch”  click next.
Click

to add the network adapters. Select the “vmnics” under the network adapters list.

Click OK to complete the creation of a new Virtual Switch task.

7

Virtual switch has to be created on the ESXi server/vCenter server.
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Select Virtual Machine Port Group for a Standard Switch as shown in Figure 14.

FIGURE 14. Virtual machine Port Group for a Standard switch

Figure 15 shows the list of standard Virtual Switches in the vCenter server. As you see, Virtual Port Group for Data_1GB_network,
Quorum_network, and User/BI_network have been created under Virtual Switch4.

FIGURE 15. Virtual Switch (vSwitch) configuration for ESXi Server
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Virtual machine kernel adapter (VMkernel) creation
The VMkernel networking layer provides connectivity to hosts and handles the standard system traffic. VMkernel ports are also referred to as
VMkernel networking interfaces. A VMkernel adapter was created for management from their respective vSwitches. As shown in Figure 16, vmk0
(VMkernel 8) interface is created by default for server management. For the vMotion network, vmk3 interface has been created.

FIGURE 16. VMkernel adapter for the management and vMotion network

Fibre Channel adapter
In the lab environment, two Fibre Channel HBA adapters are used with one active port each. From each HBA, the active port is connected to a
different Fibre Channel switch to maintain high availability. Customers can avail of more redundant paths by connecting cables to all HBA ports.
Figure 17 shows two Fibre Channel HBA interfaces with dual ports of the ESXi server.

FIGURE 17. Fibre Channel HBA information (RMC console view)

8

VMkernel interface has been created on the ESXi server.
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Configuring Fibre Channel switches
The HPE Superdome Flex servers HBA ports and HPE 3PAR StoreServ 8400 storage target ports are connected to two 16 GB Fibre Channel
switches, i.e., SN6000B. HPE Superdome Flex server and HPE 3PAR StoreServ 8400 storage are hard zoned 9 using SN6000B 16 GB Fibre
Channel switches. Two Fibre Channel switches are interconnected to form an Inter-Switch Link (ISL) for high availability. Customers can also use
the HPE SN3000B Fibre Channel switch in their environment.
Figures 18 and 19 show the Fibre Channel switches, where the HPE 3PAR 8400 storage target ports and ESXi server ports are connected. Refer
to HPE SN6000B Command Line Interface Guide for configuration and zone creation. After a successful configuration of zoning, HPE 3PAR
devices should be visible via multiple paths to the hypervisor server.

FIGURE 18. Fibre Channel switch ports (Switch 1)

FIGURE 19. Fibre Channel switch ports (Switch2)

VMware Virtual Volumes (vVols)
Hewlett Packard Enterprise has partnered with VMware to define, develop, and test vVols, which was a new storage architecture introduced in
vSphere 6 and further enhanced with vSphere 6.5. Hewlett Packard Enterprise is a key design partner with VMware who selected HPE 3PAR
StoreServ as the Fibre Channel (FC) reference platform for the VMware engineering team. HPE 3PAR StoreServ provides a tightly integrated
experience that does not require an additional plug-in or software piece to enable vVols and to support VMware VASA 3.0 specification. VASA is
known as vSphere APIs for Storage Awareness, which enables vSphere admins to assign storage profiles on a per virtual machine basis and
choose the right storage capabilities for application or workload.

9

Soft zoning also can be done.
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Table 2 shows the vVol terminology.
TABLE 2. vVol terminology
Terminology of
vVol

Description

vVol

A simplified method of accessing the storage which contains VM files, virtual disks, and other derivatives.
Note: HPE 3PAR StoreServ LUNs are also referred to as “virtual volumes” that are not related to vVols

VASA provider

A VASA Provider is the software component that mediates out-of-band communication (control path) for vVols traffic between VMware® vCenter
Server™, VMware® ESXi™ hosts, and a storage array. The VASA Provider passes information about storage topology, capabilities, and status to
vCenter Server and ESXi hosts. A VASA Provider can reside either within a storage array or be external on a physical server or virtual machine.

Protocol
Endpoint

ESXi hosts do not have direct access to vVols on a storage array and instead must use a logical I/O proxy that is referred to as a Protocol Endpoint
to communicate with vVols. The PE serves as the data path between ESXi hosts to VMs and their respective vVols. Storage arrays that support
multiple storage I/O paths and storage protocols (i.e., FC, iSCSI, NFS) can have multiple PEs that point to the same Storage Container.

Storage container

Instead of using LUNs that are configured on the storage array, vVols use Storage Containers, a pool of raw storage capacity that becomes a logical
grouping of vVols. All vVols are created inside the Storage Container. Storage Containers are not visible via the in-band data path. The VASA
Provider manages Storage Containers and reports their existence to the vCenter Server and ESXi hosts via the out-of-band control path.

Storage Policy

The storage profile is a set of rules that define the quality of service (QoS) requirements for VMs based on the different capabilities provided by the
physical storage array. These can be used to perform placement decisions, admission control, QoS compliance monitoring, and dynamic resource
allocation management of storage resources.

vVols configuration guidelines
The following section shows the prerequisites for vVols configuration. This section includes VMware compatibility guidelines, HPE 3PAR
configuration, VMware ESXi host configuration, and VMware vCenter server configuration.
VMware Compatibility guidelines
Before configuring vVols, check the VMware compatibility guide, for supported components such as VASA Provider, Product Release Version, IO
devices, and the Array Model. For more information, refer to https://www.vmware.com/resources/compatibility/search.php.

NOTE
Make sure clocks are in sync among HPE 3PAR, vCenter Server, and ESXi Host.
vVols guidelines and limitations
Here are the vVols configuration guidelines and limitations:
• vVols require VMware vCenter server, so stand-alone ESXi server cannot be used
• vVols does not support RAW device mappings
• vVols Storage Container cannot be configured across two different physical arrays
HPE 3PAR Configuration guidelines
The following steps provide the information of HPE 3PAR configuration for VMware vVols:
For VMware vVols configuration, HPE 3PAR should have a valid Virtual Copy license.
The license can be verified using “showlicense” command on HPE 3PAR as shown in Figure 20.

FIGURE 20. HPE 3PAR showlicense command output
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Identify the VASA API2 URL using “showvasa” command on HPE 3PAR.
To check the current services and certificates, use “showcert” command as shown in Figure 21.

FIGURE 21. HPE 3PAR showcert command output

Create a certificate for VASA.
Enable VASA provider service.
Once the certificate is created, start the VASA service using “startvasa” command on HPE 3PAR.
Verify the service using “showvasa” command in HPE 3PAR as shown in Figure 22.

FIGURE 22. HPE 3PAR showvasa command output

Host creation
Create an ESXi host with VMware persona ID 11. Create a host with persona “VMware” and verify the same using “showhost –persona” command
on HPE 3PAR.
To create a new host in the HPE 3PAR, the following steps are required:
Log in to the HPE 3PAR SSMC management console.
Select the HPE 3PAR System.
From “Common Actions and Views”, select “Hosts” and then select “Create Host”.
Add “ESX_Server1” as a host and provide a name.
Select VMware (ESXi) as Host OS. The default Persona, “11-VMware” gets selected.
Click “Add FC”. Select the “Existing WWN” and assign the WWNs of the server (refer to Configuring Fibre Channel switches) and complete the
host creation.
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Figure 23 shows the HPE 3PAR “Create Host” window. For more information on “Create Host”, refer to the “Managing Hosts” section of the 3PAR
Management Console Guide.

FIGURE 23. HPE 3PAR host creation

ESXi server: Protocol Endpoint (PE) on ESXi
Though storage systems can manage all aspects of vVols, ESXi hosts don’t have direct access to the Virtual Volumes on the storage. ESXi hosts
use the mechanism “logical I/O proxy” called Protocol Endpoint, to communicate with the Virtual Volumes and virtual disk files on the
encapsulated Virtual Volumes. ESXi hosts use Protocol Endpoints to establish a communication path on demand from the virtual machines to
their respective Virtual Volumes.
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The value for “Is VVOL PE” should be true. This PE shows up as LUN 256 in the vCenter server as shown in Figure 24. To verify the Protocol
Endpoint (PE), the command “esxcli storage core device list –pe-only” can be used.

FIGURE 24. ESXi host Protocol Endpoint output

The Protocol Endpoint can be verified on the VMware vCenter server as shown in Figure 25.

FIGURE 25. Protocol Endpoint wizard (vCenter server)

VMware vCenter Server
Once the prerequisites are met, the HPE 3PAR Storage must be added in the vCenter Server as a “Storage Provider”. The name and description
of all HPE 3PAR Storage capabilities can be viewed from the vSphere Web Client, once the VASA Provider has been registered. The VASA is
known as “vSphere API’s for Storage Awareness”. VASA providers communicate with the vCenter Server to indicate storage topology, capability
and provide information that supports policy-based management, and operations management. The policy-based management functionality of a
VASA provider helps administrators to choose the required storage device and monitor information about the storage policies.
Registering VASA provider in vCenter
1. Select the vCenter Server and in the “Configure” tab select “Storage Providers” and add a new Storage provider.
2.

For URL, use the output of the HPE 3PAR “showvasa” command. Provide the HPE 3PAR login credentials information.
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3.

While registering the VASA for the first time in the vCenter Server, the security alert will be popped up. Click yes to continue. After the
successful registration of the VASA, a “Storage Provider” appears as shown in Figure 26.

FIGURE 26. New Storage Provider wizard

4.
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Once the HPE 3PAR Storage is successfully added, you can see the newly added storage provider as shown in Figure 27.

FIGURE 27. Storage Provider wizard with HPE 3PAR Storage information
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vVol Storage Container configuration
vVols are VMware Virtual Machine Disk (VMDK) granular storage entities exported by storage arrays to the ESXi servers through a Protocol
Endpoint (PE). vVols simplifies operations through policy-driven automation that enables a more dynamic approach to the storage consumption
for the VMs when they are needed.
To create a Storage Container:
From the HPE 3PAR main menu, under “VMware” click “Storage Containers”.
Create a Storage Container by providing a name. This creates an underlying Virtual Volume set automatically.
Figure 28 shows the VMware Storage Container “vhanavvols”.

FIGURE 28. Storage Container creation wizard using HPE 3PAR SSMC

Creating a datastore (vVol)
A vVol Storage Container (datastore) is a pool of storage capacity where all the vVols reside.
To create a vVol datastore in vCenter Server, follow these steps:
Select the “storage” from the vCenter vSphere Client.
Right-click on the “Datacenter”  Storage  New Datastore.
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Select the vVol as shown in Figure 29 and provide the name for the vVol datastore.
Select the “Storage Container” and click next.

FIGURE 29. VMware datastore (vVol) creation wizard

5.

Datastore (vVol) is created as shown in Figure 30.

FIGURE 30. vVol datastore wizard

Creating Storage profile in a vCenter Server
Storage profiles are created from the capabilities of the HPE 3PAR array. It advertises to vCenter Server via the Storage Profile Based
Management (SPBM) subsystem.
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To create a new Storage Policy, follow these steps:
Select “Policies and Profiles” menu, click “VM Storage Policies”.
Create a new VM Storage Policy, provide a name, and click next as shown in Figure 31.

FIGURE 31. VM Storage Policy creation wizard

Select the “Enable rules for “HPE 3PAR StoreServ” storage in the “Policy structure” wizard.
Add rules for the Storage Policy such as “Common Provisioning Group” in the “HPE 3PAR StoreServ rules” wizard. In this testing, RAID5_SSD
group has been selected along with the “Snapshot Common Provisioning Group”.
Select the vVol datastore in the “Storage Compatibility” wizard.
Review the input values and finish the “VM Storage Policy creation” task.
Once the “New Storage policy” is created, the new storage policy appears. Figure 32 shows the newly created VM Storage Policy,
“vHANA_Storage_Policy”.

FIGURE 32. Created VMware Storage Policy “vHANA_Storage_Policy”

Creating a Virtual Machine using VM Storage Profile in vCenter Server
To create a new virtual machine based on the VM Storage Policy, follow these steps:
Select the “Host and Cluster” menu, right-click on the ESXi host and select “New Virtual machine”.
Provide a VM name.
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Select the “VHANA_DS” datastore and select the “VM Storage Policy” as “vHANA_Storage_Policy” as shown in Figure 33.
Select the default compatibility “ESXi 6.7 and later”.
Select the guest Operating System.
Complete the task to create a New Virtual Machine.

FIGURE 33. New Virtual Machine creation wizard

HPE 3PAR Storage configuration
HPE 3PAR Storage must be configured based on the capacity required to run multiple virtual machines in an SAP HANA virtualized
environment. To accommodate 16 VMs, the testing has been carried out using HPE 3PAR Common Provisioning Group (CPG) with RAID5
configuration along with 32 SSD disks.
The below steps show the way to perform the task on HPE 3PAR and VMware vCenter Server:
A Storage Container was created in HPE 3PAR to store vVols.
The following were created in the vCenter server:
a)

VMware vVol (datastore) along with a VM storage policy

b) Each VM had 5 hard disks that were carved out from the same vVol (datastore)
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Figure 34 shows eight newly created Virtual machines. At the lab tested environment, sixteen VMs were created using vVol (datastore).

FIGURE 34. Abstraction level between HPE 3PAR vVols and vCenter server

All these vVols are visible as disks on a virtual machine that is used for DATA, LOG, SHARED, USRSAP, and OS (vmdk files will be residing on
datastores).

Multipath configuration on ESXi server
To avoid a single point of failure between the server and the underlying storage, multipathing needs to be configured. Multipath ensures that the
system uses multiple physical paths to provide redundancy and increased throughput.
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VMware multipath policy
When the HPE 3PAR devices are exposed to ESXi servers, the multipath policy must be enabled on the ESXi server level. Rescan the storage
devices on ESXi servers and the HPE 3PAR devices, which will be visible as shown in Figure 35. VMware has the default multipath policy of most
recently used (MRU) which does not maintain or reinstate balancing of I/O load after a failover/failback multipath event. This policy could leave
I/O in an unplanned and unbalanced state which might yield significant I/O performance issues. Hewlett Packard Enterprise does not recommend
the implementation of an MRU path policy. Hewlett Packard Enterprise recommends the “Round Robin (VMware)” policy. Each HPE Superdome
Flex server will have four paths to the HPE 3PAR StoreServ 8400 storage.

FIGURE 35. Protocol Endpoint and multipath policy

Create a virtual machine and install guest OS
To create a new virtual machine and install a guest operating system on a VM, follow these steps:
1. Select the hypervisor, right-click, and select “New Virtual machine”.
2. “Create a New Virtual Machine” screen opens, provides the virtual machine name.
3. Select the “OS” datastore where the Guest Operating System would be installed.
4. Select the ESXi compatibility virtual machine (ESXi 6.7 Virtual machine - default).
5. Select the Guest OS Family and Guest OS version.
6. Provide 256 GB capacity under the “OS” datastore.
7. Provide the Operating System ISO image for the Guest Virtual machine.
8. Click OK and start the virtual machine using vCenter Server and start the Guest OS installation.
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Example
Virtual machine hardware parameters:
•

Virtual CPU – 28

•

Memory – 128 GB. Enable the memory reservation to be the same as the VM memory

•

Hard disk size – OS (256 GB) and the size for DATA, LOG, USRSAP, and SHARED is based on the size of the memory

•

Hard disk type – Thin provisioned

•

SCSI Controller – VMware Paravirtual

•

Boot option – EFI

NOTE

For more information on renaming a VM disk (vmdk), refer to https://kb.vmware.com/s/article/1002491.
After the successful installation of Guest OS on the virtual machine, shut down the virtual machine and edit the virtual machine’s setting to add
required disks for SAP HANA. Figure 36 shows hard disks are added to the virtual machine for SAP HANA Database (DATA, LOG, SHARED, and
USRSAP).

FIGURE 36. VMware virtual machine settings (128GB – system memory)

Once these hard disks are added to the virtual machine, create an XFS filesystem, and install the SAP HANA database. For more information,
refer to the SAP HANA installation guide.
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Figure 37 shows the LVM devices for the SAP HANA database.

FIGURE 37. LVM devices for SAP HANA database

Figure 38 shows the mount point for the SAP HANA database installation.

FIGURE 38. SAP HANA database mount points

Figure 39 shows the network adapters that are added for DATA (1 GB), DATA (10 GB), Quorum, Backup, Replication, and User/BI networks.

FIGURE 39. Virtual machine network adapters
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NOTE
Refer to SAP note: 2205917 – SAP HANA database: Recommended OS settings for SLES 12 / SLES for SAP Applications 12. Refer to SAP note:
2292690 – SAP HANA database: Recommended OS settings for RHEL 7.
For SLES 12, Memory Disk/Storage IO Tuning and Optimization, refer to https://www.suse.com/communities/conversations/sles-1112-ostuning-optimisation-guide-part-1.
vVol Visibility on HPE 3PAR
After creating the VMs, use the “showvvolvm –sc sys:all –vv” command to see the VMs and its associated volumes as shown in Figure 40. vVol
configurations are dynamic. If a VM is deleted, space will be reclaimed dynamically on the HPE 3PAR.

FIGURE 40. Virtual machine with vVols

SAP HANA STUDIO/COCKPIT
SAP HANA Studio is the front-end application that can be used for multiple purposes, such as SAP HANA configuration, administration,
development, and SQL client queries. Multiple SAP HANA database instances can be added to SAP HANA Studio. SAP HANA Studio also allows
administrators to configure, monitor, and initiate backups and restore.
SAP HANA Cockpit 2.0 has features like SAP HANA Database Explorer, Performance Monitoring and Analysis, Security Administration, High
Availability (Replication), Backup and Recovery. For more information, refer to SAP HANA Cockpit 2.0.
SAP HANA Studio can be installed on the Central Management Console (CMC) server. SAP HANA Cockpit should be installed on a dedicated
server. For more information, refer to SAP HANA Cockpit requirements.

Workload description
To qualify 16 VMs in a VMware environment, the SAP HCOT tool was used on VMs.
Figure 41 shows the required TDI KPIs for SAP HANA TDI database configuration.

FIGURE 41. HCOT TDI KPIs for a virtual machine
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The TDI KPIs results were achieved while running all the VMs in parallel with the SAP HCOT tool. As shown in Figure 42, all 16 VMs are running
on the same ESXi server. It was tested in the lab and all the VMs passed with the required TDI KPIs.

FIGURE 42. Virtual machines on vCenter server

LIVE MIGRATION USING VMWARE VMOTION
VMware vMotion enables the live migration of running virtual machines from one physical server to another physical server with planned
downtime. VMware vMotion is a key element in technology for having dynamic, automated, and self-optimized data centers.

Update management and Hardware maintenance
VMware vMotion helps to address the Life cycle management policies for patching Server security and bug fixes. Used in conjunction with
Distributed Resource Scheduler (DRS), it can automatically restart the VMs on another available physical server and rejoin the cluster once the
process has been completed. In the event of physical server failure, the virtual machine is restarted on another physical server in the cluster as
shown in Figure 43. The same procedure can be used in case of server decommissioning 10 process e.g. adding a new server (with the latest
processor) to the existing environment and migrate VMs. For more information, refer to the decommissioning of the ESXi server.

FIGURE 43. Virtual Machine restart during maintenance activity/physical server failure using vMotion

10

Permanently removing a server from its operations
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KEY POINTS

It is recommended to run the SAP HANA VMs within the vSphere cluster on identical hardware only (with the same CPU clock speed and
synchronized TSC). Example: All servers in the cluster are the same processor architecture – Cascade Lake. In a lab-tested vMotion environment
the time taken for restarting a virtual machine with 840 GB (database size) was 14 mins in a 10 GB network when there is no database
transaction.
If a vMotion process is carried during the SAP HANA database active transactions, the relocation of a virtual machine is possible with a minimum
network delay. At the same time, the transaction may be delayed, or it will fail. A live migration task that has to be carried out during off-peak
hours would be recommended. For more information refer to Best Practice for SAP HANA vMotion on VMware for Production Support.

HIGH AVAILABILITY
VMware vSphere HA is a utility included in VMware vSphere software that can restart failed VMs on alternative host servers to reduce
application downtime.

KEY POINTS
VMware HA is not yet supported for SAP HANA VM with HPE Persistent Memory configuration. For more information, refer to SAP HANA with
PMEM on VMware vSphere.

SAP HANA with VMware vMotion
VMware High Availability feature does not require additional software in a virtualized environment for moving virtual machines from one server
to another. VMware HA maintains a communication channel with all ESXi Server that is in the same cluster. In the event of ESXi Server
failure/planned maintenance, all the virtual machines would be restarted on another ESXi Server in the cluster. A loss of “heartbeat” initiates the
restart process of all affected virtual machines on other servers. VMware HA ensures that sufficient resources are available in the resource pool at
all times to be able to restart virtual machines on different physical servers in the event of server failure.
Figure 44 and Figure 45 shows the migration of a virtual machine to another server in the cluster using vCenter Server.

FIGURE 44. Virtual machine migration activity
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FIGURE 45. Virtual machine migration activity (Change compute resource only)

Refer to https://docs.vmware.com/en/VMware-vSphere/6.7/vsphere-esxi-vCenter-server-67-availability-guide.pdf for VMware vSphere High
Availability.

KEY POINTS

SAP HANA service Auto-Restart /watchdog functionality will automatically detect failures, whether they are software failures or intentionally
stopped SAP HANA processes by an administrator, and restart these stopped SAP HANA processes. For more information, refer to the best
practices guide for SAP HANA on VMware vSphere.

VMWARE VSPHERE HIGH AVAILABILITY REQUIREMENTS
As per VMware vSphere High Availability, it requires a minimum of two datastores shared between the hosts in a cluster for proper datastore
heartbeat detection to function. Since we have only one VHANA_DS, vVol datastore which is hosting the SAP HANA VMs, an additional vVol
datastore has to be created for the heartbeat purpose. Enable the DRS and vSphere High Availability features in the cluster.

SAP HANA system replication on VMware virtual machines
SAP HANA system replication provides a robust solution to replicate the SAP HANA database content to a secondary site. In the event of a
disaster, the primary site fails over to the secondary site resuming normal operations with minimum downtime and very little or no loss of data. A
human decision initiates the failover of a production site to a secondary site. When using SAP HANA system replication, the same size and size of
VMs with SAP HANA must exist at the secondary site. These VMs must be configured and installed similar to a natively running SAP HANA
system with system replication enabled between primary and secondary virtual machines.
VMware vSphere supports SAP HANA system replication in a virtualized environment similar to a physical server environment. SAP HANA
system replication provides a robust solution to replicate the SAP HANA database to a secondary/disaster recovery site.
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SAP HANA system replication provides different modes for replication:
• Synchronous
• Synchronous in-memory
• Asynchronous
Depending on the requirements, the secondary site VMs can consume greater or fewer resources. For example, selecting the synchronous inmemory mode will consume the same amount of RAM as the primary systems. Figure 46 shows the SAP HANA system replication in a VMware
environment. For more information, refer to the HPE Reference Architecture for SAP HANA System Replication guide.

FIGURE 46. SAP HANA System Replication between primary and secondary site in VMware HA environment

NOTE
As per the standard SAP guidelines, system replication will work in this environment. Figure 46 shows an example of system replication with 8
VMs between two HPE Superdome Flex Servers. Customers can plan the number of VMs with system replication configuration based on the
requirement.
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SAP HANA BACKUP AND RECOVERY ON VMWARE VSPHERE
SAP HANA database backup consists of data and transactional log backup. SAP HANA backup and restore can also be configured using SAP
HANA Cockpit. SAP HANA supports the scheduling of data backups and delta backups (incremental or differential) in SAP HANA Cockpit.
Customers can use HPE StoreOnce for VM backup and restore 11.
VMware customers need efficient, high performance, and reliable backup systems that are easily integrated into the vSphere environment. With
increasing VM count, keeping backup infrastructure costs under control can be challenging. HPE StoreOnce backup systems provide a diskbased data protection platform while addressing data growth by applying HPE StoreOnce deduplication software for efficient, longer-term data
retention.
HPE StoreOnce Catalyst
HPE StoreOnce Catalyst software was developed to dramatically improve the performance, function, and integration of backup applications such
as HPE Data Protector, Veritas NetBackup, and Commvault. HPE StoreOnce Catalyst delivers deduplication on an appliance server, media server,
or dedicated appliance. Since it uses the same deduplication algorithm globally, data can be moved between Catalyst stores on different
platforms without rehydration. HPE StoreOnce Catalyst allows better utilization of advanced, disk-based storage solutions while increasing
efficiency and performance.
HPE StoreOnce VSA
HPE StoreOnce VSA is a deduplicating and replicating backup solution. Deployed as a virtual appliance, it dramatically lowers the cost of
protecting data, particularly for midsize companies and large enterprises.
HPE StoreOnce Catalyst Plug-in 2.1.0 for SAP HANA
The HPE StoreOnce Catalyst plug-in for SAP HANA enables efficient protection for SAP HANA databases. It empowers the DBA to
backup/restore directly to or from a Catalyst store on an HPE StoreOnce System. The result is flexible, high-performance protection, managed by
the DBA, which can be configured to meet the protection needs of the specific databases independently from or in addition to organization-wide
data protection processes. The plug-in is integrated with Backint for SAP HANA to enable backups to be efficiently transferred from the SAP
HANA database to the Catalyst store backup target. Once the backup target is created, backup, restore, and other data protection tasks can be
executed through SAP HANA Studio and/or the SAP HANA CLI.
For more information, refer to VMware best practices guides for backup and recovery:
• Considerations and Limitations for File-Based Backup and Restore
• https://kb.vmware.com/s/article/2042141
• Backup and Restore Scenarios When Using vSphere Lifecycle Manager

RECOVERY MANAGER CENTRAL (RMC)
HPE Recovery Manager Central (RMC) integrates HPE 3PAR, HPE Primera, and HPE Nimble All-Flash Arrays with HPE StoreOnce Systems,
harnessing snapshot performance with backup protection to deliver flash speed application protection, copy data management, and data
mobility built for the cloud with less cost and complexity.
For more information on HPE Recovery Manager Central for VMware, refer to https://www.hpe.com/psnow/doc/a00043141enw.

CAPACITY AND SIZING
A VMware vVol datastore is created on the VMware vCenter Server. vVol datastore “VHANA_DS” is shared for all 16 VMs with respective sizes.
Each virtual machine will have its own OS, DATA, LOG, SHARED, and USRSAP vVols.
This section shows the capacity planning for 16 VMs with the available disks. Figure 47 shows how the 16 VMs of 128 GB size and the
respective sizes of DATA, LOG, SHARED, USRSAP, and OS have been calculated for an SAP HANA production instances. To achieve the best

11

Virtual machine backup and restore was not tested as part of this solution.
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performance, the VMs with SAP HANA production instances should be mapped to the NUMA node. For more information on NUMA node
configuration refer to Appendix C.

FIGURE 47. Virtual machine capacity requirements for SAP HANA production instances with NUMA node configuration (lab tested environment)

KEY POINT
The sixteen VMs are accommodated in the 8-socket server, such a way that it would be using two VMs per NUMA node. Customers can choose
the best VM size combinations which can fit into the NUMA node. As part of the testing mixed sizes of VMs such as 128 GB, 256 GB, and 384
GB sizes are configured. For more information, refer to the VMware best practices guide for SAP HANA. In this 8-socket 6TB configuration, the
maximum size of the single VM should not cross 4S (i.e. maximum size of the Single Virtual machine should be ~2.6TB). Considering 6TB
memory in the HPE Superdome Flex 8-socket server, approximately 5.3TB memory can be used for the VMs.
VMware storage policy has been created on the vCenter Server with RAID 5 configuration. For the virtual machine guest operating system, 256
GB capacity has been allocated considering an upgrade and temporary space. As per SAP HANA sizing guidelines the disk space for DATA, LOG,
SHARED, and USRSAP can be allocated as follows:
DATA= 1x RAM
LOG= ½x RAM
SHARED= 1x RAM
USRSAP= 50GB
The total capacity should be calculated by keeping a 20% of buffer size.

Analysis and recommendations
This section presents an overview, analysis, and findings in a format that allows decision making on the disk layout more effectively.
In earlier processor versions, only a single SAP HANA production instance was supported on a single physical server. This solution analyzes the
design and recommends having multiple VMs running SAP HANA instances on a single physical server. The lab tested environment had sixteen
VMs.
Based on the disk layout, an SAP HANA database can be tuned with a few I/O parameters to get good performance on VMs.
SAP HANA performance recommendations
SAP HANA performance can be improved by setting the following parameters. The SAP HANA database “fileio” parameters
“max_parallel_io_requests =256”, “max_submit_batch_size =128”, “min_submit_batch_size = 64” and “size_kernel_io_queue = 256” are used in the
Hewlett Packard Enterprise lab tested environment as shown in Figure 48.
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FIGURE 48. SAP HANA database fileio parameters for performance

Set the above parameters in the Global System Properties (global.ini) file and restart the database to reflect these changes.

SUMMARY
The challenges of running multiple VMs with production SAP HANA database instances are resolved by designing the disk layout with the help
of VMware vVol and by doing performance tuning. With VMware vSphere 6.7U3, VMs of sizes up to 6 TB can be created in the Cascade Lake
server, which allows consolidation of many SAP HANA databases of varying sizes onto a single server. SAP HANA on VMware vSphere 6.7U3 is
now available for multiple VMs running on a dedicated SAP HANA certified server using HPE 3PAR 8400 StoreServ Storage. This solution is
designed to achieve a better TCO by improved resource utilization and by having a single server running multiple VMs with the SAP HANA
database.
HPE Superdome Flex server with Intel Cascade Lake and HPE Persistent Memory, combined with DRAM which brings the revolutionary in the
SAP HANA landscape which ensures the business continuity and increases the memory capacities of customer’s SAP HANA deployments.
When creating SAP HANA landscapes, it is critical for all SAP HANA VMs to be optimized and consistently configured. Using guidelines provided
in the Capacity and Sizing section for the SAP HANA environment ensures the deployments are consistent and will achieve consistent
performance levels.
The described solution was tested in August 2020.

IMPLEMENTING A PROOF-OF-CONCEPT
As a matter of best practice for all deployments, Hewlett Packard Enterprise recommends implementing a proof-of-concept using a test
environment that matches as closely as possible the planned production/non-production environment. In this way, appropriate performance and
scalability characterizations can be obtained. For help with a proof-of-concept, contact a Hewlett Packard Enterprise Services Representative
(hpe.com/us/en/services/consulting.html) or your Hewlett Packard Enterprise Partner.
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APPENDIX A: HPE 3PAR STORESERV 8000 STORAGE FEATURES
The HPE 3PAR StoreServ 8000 Storage offers enterprise tier 1 storage. HPE 3PAR StoreServ 8000 Storage delivers the performance
advantages of a purpose-built, flash-optimized architecture without compromising resiliency, efficiency, or data mobility. HPE 3PAR StoreServ
8000 is storage made effortless. The HPE 3PAR StoreServ 8000 storage has the following benefits:
• HPE InfoSight: An analytics tool that predicts and prevents problems before the user’s business is impacted.
• Adaptive data reduction: A hardware-accelerated deduplication engine that leverages patented express Indexing and compression to increase
efficiency and maintain all-flash performance.
• All-inclusive Licensing: Simplified software licensing model.
• 3DC peer persistence: Extreme high availability feature with full peer persistence functionality.
• HPE Recovery Manager Central 4.1: Flash-integrated data protection for rapid on-premises operational restores and low-cost cloud-based
backup retention and disaster recovery.
HPE 3PAR StoreServ 8000 Storage, with a low all-flash starting price, delivers the performance advantages of a purpose-built, flash-optimized
architecture without compromising resiliency, data services, or data mobility. Unlike other purpose-built flash arrays, HPE 3PAR StoreServ 8000
doesn’t require the introduction of an entirely new architecture to achieve flash-optimized performance. With unmatched versatility, performance,
and density, HPE 3PAR StoreServ 8000 Storage provides unified storage of block & file protocols, the application manages data protection and
simplified fabric zoning along with SAN diagnostics.

APPENDIX B: HPE SUPERDOME FLEX SERVER FEATURES
HPE Superdome Flex Server, featuring the recognizable modular, future-ready, as well as superior RAS to achieve the highest service levels
which utilize 2nd generation Intel Xeon Scalable processors (Cascade Lake), allows SAP customers to harness the power of in-memory
computing with SAP HANA applications for real-time business results, delivered on a mission-critical, optimized, and high-performance
infrastructure.
The HPE Superdome Flex server is a mission-critical platform, flexible and powerful enough to handle the massive and growing amount of data
moving through the user’s business. Its in-memory design and unparalleled scale give the ability to analyze data from the digital core to the
intelligent edge in real-time, keeping the user a step ahead because the infrastructure is modular and cloud-ready. It is the right fit for any
business of any size. Keep pace with users evolving in-memory computing demands through a unique modular design. Start small and grow as
needed, flexibly scaling up or out.

APPENDIX C: BEST PRACTICES FOR VIRTUAL MACHINES USING SAP HANA PRODUCTION
INSTANCES
For an optimized performance of SAP HANA VM with a production instance, it should stay within the NUMA node. The following parameters are
required for a VM belonging to a particular NUMA node.
Parameter: numa.nodeAffinity
To configure the “numa.nodeAffinity” parameter in the VM, follow these steps:
Log in to vSphere Client.
2. Select the virtual machine and right-click.
3. Select Edit Settings.
4. Click the Options tab.
5. Highlight General under Advanced options and click Configuration Parameters.
6. Click the “Add parameter” option and enter the “numa.nodeAffinity” in the key field and enter “0” in the Value field.
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Figure C1 shows the “numa.nodeAffinity” parameter (green box) value that has been configured for virtual machine “SUSE1”. The parameter
“Numa.nodeAffinity=0” shows the VM associated with NUMA node0.

FIGURE C1. NUMA hyper-threading parameter configuration using virtual machine properties

Parameter: numa.vcpu.preferHT/ Numa.PreferHT
To ensure the hyper threads are used by the VM, the NUMA preferred hyper thread parameter can be configured on the ESXi host or VM. To
configure the parameter on the ESXi host, follow these steps:
1. Log in to vCenter Server.
2. Highlight the ESXi host from the vCenter Server.
3. Click the Configure tab.
4. Under System, click Advanced Settings.
5. Browse to “Numa.PreferHT” and the value to 1. Setting this parameter which makes sure, all the VMs under this ESXi host would be updated
automatically.
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Figure C2 shows the configuration of Numa.PerferHT=1 parameter using ESXi host.

FIGURE C2. NUMA hyper-threading parameter configuration using vCenter Server

To configure the parameter on the virtual machine, follow these steps:
1. Log in to vSphere Client.
2. Select the Virtual machine and right-click.
3. Select Edit Settings.
4. Click the Options tab.
5. Highlight General under Advanced options and click Configuration Parameters.
6. Click the “Add parameter” option and enter the “numa.vcpu.preferHT” in the key field and enter “TRUE” in the value field.
Figure C1 shows the “numa.vcpu.preferHT” parameter (red box) value configured for VM “SUSE1”.

KEY POINT
An 8-socket 6 TB server with 768 GB per NUMA node can accommodate two VMs with SAP HANA production instances, as per the best
practices guide, so sixteen (16) VMs can be accommodated on eight NUMA nodes. Sixteen (16) VMs of 128 GB (2 VMs per NUMA node) have
been tested as per the NUMA best practices. Customers can choose the VMs with the memory sizes which can fit their SAP HANA production
instances per NUMA node.
For more information, refer to page 66 in the Architecture Guidelines and Best Practices for Deployments of SAP HANA on VMware vSphere.
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APPENDIX D: PERSISTENT MEMORY (PMEM) CONFIGURATION
This section provides the guidelines to configure PMEM device in an SAP HANA environment. There are prerequisites to be considered before
the PMEM deployment in the SAP HANA environment.
Prerequisites
• Download and install the latest recommended HPE Superdome Flex I/O Service Pack. For more information, refer to
https://support.hpe.com/hpsc/swd/public/detail?swItemId=MTX_6185399866a84e30ae666a1ede.
• Download and install the ESXi patch for PMEM configuration. For more information, refer to https://kb.vmware.com/s/article/2143832.
• Download and install the latest recommended HPE foundation software for HPE Superdome Flex servers for the operating system. For more
information, refer to https://support.hpe.com/hpsc/swd/public/detail?swItemId=MTX-87082a2f6c13474db07c1c13dd.
• SAP HANA on VMware vSphere with PMEM, refer to SAP Note 2913410.
ESXi patch installation for PMEM configuration
To support PMEM configuration on the ESXi host, the following patch must be installed. ESXi 6.7 EP15 is the latest patch that has been installed
on the ESXi server. Figure D1 shows the list of VMware patches available for PMEM configuration. To download the patch refer to
https://my.vmware.com/group/vmware/patch#search.

FIGURE D1. ESXi patch for PMEM configuration

Installation procedure
To identify the ESXi standard image, run the following command with the patch file as shown:
# esxcli software sources profile list -d /vmfs/volumes/5eeabb90-17d88ece-5ff9-08006917a410/ESXi670-202006001.zip
[root@localhost:/vmfs/volumes/5eeabb90-17d88ece-5ff9-08006917a410] esxcli software sources profile list -d
/vmfs/volumes/5eeabb90-17d88ece-5ff9-08006917a410/ESXi670-202004001.zip
Name

Vendor

Acceptance Level Creation Time

Modification Time

------------------------------- ------------ ---------------- ------------------- ------------------ESXi-6.7.0-20200403001-no-tools VMware, Inc. PartnerSupported 2020-03-19T06:37:06 2020-03-19T06:37:06
ESXi-6.7.0-20200403001-standard VMware, Inc. PartnerSupported 2020-03-19T06:37:06 2020-03-19T06:37:06

To install the patch, run the following command on ESXi server:
# esxcli software profile update -p ESXi-6.7.0-20200403001-standard -d /vmfs/volumes/5eeabb90-17d88ece-5ff908006917a410/ESXi670-202006001.zip
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Once the patch is installed successfully, reboot the server.
To configure the PMEM devices on HPE Superdome Flex server, reboot the server and go to the “shell” prompt. Run the following command to
configure the server:
SHELL> ipmctl create -goal PersistentMemoryType=AppDirect

The above command lists all the available PMEM devices and say “yes” to proceed.
Once the PMEM devices are configured, the PMEM datastore would be visible on the ESXi host as shown in Figure D2.

FIGURE D2. Persistent memory datastore

The namespaces would be automatically created on the ESXi server as shown below.
Figure D3 shows the list of namespaces created on the PMEM device.

FIGURE D3. List of Namespaces under the PMEM device
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OS installation and configuration
Install SLES15 SP1 and RHEL 8.1 operating systems on virtual machines. Once the virtual machine is created and installed with the guest
operating system, the PMEM devices and the required disks for SAP HANA can be added as shown below. To add the PMEM devices, the virtual
machine should be powered off. Log in to the vCenter Server and add the “NVDIMM” device as shown in Figure D4.

FIGURE D4. Adding an NVDIMM device in a VM

Select the Virtual Machine and edit settings, click on “ADD NEW DEVICE” and select the “NVDIMM” device. A new NVDIMM device would be
created with the controller. Provide the required size for the PMEM device, save the configuration, and power on the virtual machine.
PMEM device configuration on the operating system
Once the PMEM device has been successfully added to the virtual machines, the PMEM device can be configured as follows:
Run the following command to list down the PMEM device on the operating system.
#ndctl list -RuN

The above command will list down all the available PMEM devices on the operating system as shown in Figure D5.

FIGURE D5. List of PMEM device
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Configure the PMEM device
To configure the PMEM device, run the following command on the operating system:
# ndctl create-namespace -f -e namespace0.0 –mode fsdax

To create an xfs filesystem on the PMEM device, run the following command on the operating system:
# mkfs.xfs -f /dev/pmem0 (for SLES15 SP1)
# mkfs.xfs -f -m reflink=0 /dev/pmem0 (for RHEL 8.1)

To mount the file system as a “dax” device, run the following command on the operating system:
# mount -o dax /dev/pmem0 /hana/nvm0

Where,
/hana/nvm0 is the mount point.
Make sure the “/etc/fstab” has the following entry for all the PMEM devices as shown in Figure D6.

FIGURE D6. PMEM device mount point options

Installing SAP HANA with PMEM option
To install SAP HANA, make sure all the mount points are visible as shown in Figure D7.

FIGURE D7. PMEM device listed as mounted filesystem

Create an SAP HANA SID under the “/hana/nvm0” directory and provide full permission by using the following command:
#
#
#
#

cd /hana/nvm0
mkdir AA1
cd /hana
chmod -R 777 nvm0

Make sure to provide the pmem parameter while installing the SAP HANA database by using the following command:
#. /hdblcm --pmempath=/hana/nvm0 --use_pmem
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Once the SAP HANA is installed, change the ownership of the directory with the sidadm by using the following command:
# cd /hana
# chown <sidadm: sapsys> -R nvm0
# chmod -R 777 nvm0

Configuring the SAP HANA database parameters for PMEM configuration using SAP HANA studio
Set the “reload_tables” parameter to “false” and “table_default” to “on” as shown in Figure D8. These parameters are specific to PMEM
configuration for the SAP HANA database. For more information, refer to the SAP HANA Administration Guide.

FIGURE D8. SAP HANA database parameters for PMEM device

Once the SAP HANA database is installed, verify the “basepath_persistent_memory_volumes” is updated as shown in Figure D9.

FIGURE D9. PMEM volume for SAP HANA installation
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As part of testing, verify if the database has been loaded and the PMEM device mount point can be seen with loaded data as shown in Figure
D10.

FIGURE D10. PMEM device has been loaded with data

NUMA configuration guidelines
For an optimized performance of SAP HANA VM with a PMEM device, VM should stay within the NUMA node. The following parameters are
required for a VM belonging to a specific NUMA node.
To configure the “nvdimm” parameters for the virtual machine, follow these steps:
Log in to vSphere Client.
2. Select the virtual machine and right-click and select Edit Settings.
3. Click the Options tab, highlight General under Advanced options and click Configuration Parameters.
4. Click the “Add parameter” option and enter the “nvdimm0:0.node” and “nvdimm0:0.nodeAffinity” in the key field and enter “0” in the Value
field. In this example, Figure D11 shows NVDIMM parameters for VM1 and VM2 in multiple environments. Similarly, for other VM’s change
the value for the NUMA where it is assigned.

FIGURE D11. NVDIMM parameters with respect to NUMA node

Workload description
In a 4-socket HPE Superdome Flex server, to qualify 8 VMs in a VMware PMEM environment, the SAP HCOT tool (version 47) has been used on
VMs. Figure 41 shows the required TDI KPIs for SAP HANA TDI database configuration. By adding the PMEM mount point along with data and
log in the. JSON file, the test was performed. By running the HCOT tool concurrently on all 8 VMs, the required SAP HANA TDI KPIs were met.
For more information, refer to the VMware support matrix for HPE Superdome Flex BIOS Versions and PMEM configuration.

APPENDIX E: REFERENCE TDI CONFIGURATION FOR VHANA USING HPE PROLIANT DL560
GEN10
For more information, refer to the TDI configuration for vHANA using HPE ProLiant DL560 Gen10 whitepaper.
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GLOSSARY
CPG – Common Provisioning Group
NUMA – Non-Uniform Memory Access
NVDIMM – Non-Volatile Dual In-line Memory Module
PMEM – Persistent Memory
PE – Protocol Endpoint
TDI – Tailored Datacenter Infrastructure
VASA – vSphere API for Storage Awareness
vCenter – Virtual Center
vSwitch – Virtual Switch
vVol – Virtual Volumes

Page 52

Reference Architecture

RESOURCES AND ADDITIONAL LINKS
HPE Reference Architectures, https://www.hpe.com/docs/reference-architecture
HPE Servers, hpe.com/servers
HPE Superdome Flex Server Quick Specs, https://www.hpe.com/psnow/doc/a00026242enw
HPE Storage, hpe.com/storage
HPE Networking, hpe.com/networking
HPE Technology Consulting Services, hpe.com/us/en/services/consulting.html
HPE Recovery Manager Central, https://www.hpe.com/in/en/storage/rmc-backup.html
VMware, vmware.com
VMware Compatibility Guide, https://www.vmware.com/resources/compatibility/search.php
Linux Operating System with SAP HANA Reference Guide,
https://wiki.scn.sap.com/wiki/display/SAPHANA/Linux+Operating+System+with+SAP+HANA+Reference+Guide

To help us improve our documents, please provide feedback at hpe.com/contact/feedback.

© Copyright 2020-2022 Hewlett Packard Enterprise Development LP. The information contained herein is subject to change
without notice. The only warranties for Hewlett Packard Enterprise products and services are set forth in the express warranty
statements accompanying such products and services. Nothing herein should be construed as constituting an additional warranty.
Hewlett Packard Enterprise shall not be liable for technical or editorial errors or omissions contained herein.
Red Hat and Red Hat Enterprise Linux are trademarks of Red Hat, Inc. in the United States and other countries. Linux is the
registered trademark of Linus Torvalds in the U.S. and other countries. Oracle is a registered trademark of Oracle and/or its
affiliates. Intel, Xeon are trademarks of Intel Corporation in the U.S. and other countries. Microsoft and Windows are either
registered trademarks or trademarks of Microsoft Corporation in the United States and/or other countries. VMware is a registered
trademark of VMware, Inc. in the United States and/or other jurisdictions.
a50001355enw, version 4.0, August 2022

