
 

Check if the document is available
in the language of your choice.

CONFIGURING MICROSOFT SQL SERVER 
2019 AND THE HPE ALLETRA 6030 
STORAGE ARRAY WITH ISCSI USING A 
DATA WAREHOUSE WORKLOAD 
Using HPE ProLiant DL380 Gen10 server and Windows Server 
2019 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
  

Technical white paper 

 

https://psnow.ext.hpe.com/collection-resources/a00119415ENW


Technical white paper  

 
 

CONTENTS 
Executive summary .............................................................................................................................................................................................................................................................................................................. 3 
Solution components .......................................................................................................................................................................................................................................................................................................... 3 

HPE Alletra 6030 storage array ........................................................................................................................................................................................................................................................................ 3 
HPE ProLiant DL380 Gen10 server .............................................................................................................................................................................................................................................................. 5 
Software ................................................................................................................................................................................................................................................................................................................................... 5 

Best practices and configuration guidance .................................................................................................................................................................................................................................................... 6 
HPE Alletra 6030 storage array configuration .................................................................................................................................................................................................................................... 6 
Server configuration................................................................................................................................................................................................................................................................................................... 10 
Windows Server 2019 configuration.......................................................................................................................................................................................................................................................... 11 
SQL Server setup .......................................................................................................................................................................................................................................................................................................... 14 

Testing .......................................................................................................................................................................................................................................................................................................................................... 15 
HPE Alletra 6030 array compared to HPE Nimble AF40 array ........................................................................................................................................................................................ 15 

Summary ..................................................................................................................................................................................................................................................................................................................................... 19 
Resources and additional links ............................................................................................................................................................................................................................................................................... 20 
 

 



Technical white paper Page 3 

 

EXECUTIVE SUMMARY 
This technical white paper provides best practices and performance testing results for Microsoft SQL Server 2019 running on the All-NVMe 
HPE Alletra 6030 storage array. Test results highlight the significant advantages of All-NVMe, for example, 94% reduction in average 
column read latency. Other aspects of the testing, which spanned IOPS and throughput, also showed benefits of the new platform for SQL 
Server workloads. 

The HPE Alletra 6030 storage array was designed for business-critical workloads, delivering fast, consistent performance—multiples beyond 
the previous generation all-flash array—along with industry-leading data efficiency and 99.9999% guaranteed availability. 

SQL Server 2019 was also built for business, with industry leading market presence, performance, security, and innovative new capabilities 
like “Big Data Clusters.” SQL Server lets you query and analyze your data whether structured or unstructured, and can be run on Windows or 
Linux®—on bare-metal, virtual machines (VMs), or containers. 

This paper provides results from performance testing for TPC-H workloads in SQL Server. It provides output data from tests consisting of 
sequential I/O, which is substantially more read intensive than write. High read loads usually occur during database queries, while heavy 
writes happen mainly during data loads. A standard tool and methodology were used to benchmark query workloads and determine overall 
storage performance with the Microsoft SQL Data Warehouse test suite. 

Target audience: Readers should be familiar with Windows Server 2019 and SQL Server 2019. The target audience for this solution 
include: 

• Customers seeking a storage solution for their SQL Server DW workloads 

• Existing or new SQL DW/BI customers who are migrating to SQL Server 2019 

• Customers planning to upgrade their server and storage from previous generations of Hewlett Packard Enterprise hardware 

• Data warehouse architects 

• Database administrators 

SOLUTION COMPONENTS 
This section provides the testing components used in this solution. 

HPE Alletra 6030 storage array 
For business-critical workloads, the HPE Alletra 6030 storage array delivers fast, consistent performance and industry-leading data 
efficiency. It enables IT to shift from owning and maintaining data infrastructure to simply accessing and utilizing it on-demand, as-a-service. 
Eliminate performance and efficiency trade-offs, with no difficult configurations to adjust, and always-on data services. Get resilient storage 
with intelligence and a no-single-point-of-failure platform that together deliver 6-nines availability guaranteed. Deliver on recovery service 
level agreements (SLAs) with fast, integrated app-aware backup and recovery—on-premises and in the cloud. 

What’s new 
• Eliminate complexity by unifying infrastructure management silos under a cloud-managed single pane of glass—accessible from 

anywhere and from any device. 

• Developed from the foundation of HPE Nimble Storage architecture, proven to deliver speed, efficiency, and resiliency with cloud agility. 

• The HPE Store More Guarantee delivers more effective capacity per terabyte of raw flash than competitive all-flash arrays. 

• Eliminate forklift upgrades with non-disruptive controller upgrades, flat support pricing, and flexible consumption options. 

Absolute resiliency 
• 99.9999% (6-nines) guaranteed availability. 

• Triple+ Parity RAID tolerates three simultaneous drive failures plus additional protection through intra-drive parity. 

• App-granular, FIPS-certified encryption provides data at rest and over-the-wire protection. Secure data shredding is built in. 

• Native application-consistent snapshots and replication plus integration with leading backup software. 

• Redundant, hot-swap components including controllers, power supplies, SSDs, and IO cards. 

AI-driven 
• Predict and prevent disruptions across storage, services, and virtual machines. 

https://www.hpe.com/us/en/storage/alletra.html
https://www.hpe.com/us/en/storage/nimble.html
https://www.hpe.com/us/en/collaterals/collateral.a50003981enw.html
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• Redefine the support experience with predictive support automation that delivers an unprecedented experience with automated L1 and 
L2 and direct access to the resources you need. 

• Pinpoint issues between storage and VMs and underutilized virtual resources without effort. 

• Take the guesswork out of managing data infrastructure with AI-driven recommendations. 

Built for cloud 
• Set up in minutes because systems are automatically discovered, on-boarded, and configured. 

• Say goodbye to time-consuming LUN-centric provisioning with AI-driven, intent-based provisioning of application workloads on 
infrastructure best suited for optimizing SLAs. 

• Experience faster access to innovation with no disruptions because new features and enhancements are instantly available through self-
service upgrades. 

• Manage from anywhere with simple global management driven through a SaaS-based user experience. 

As-a-service 
• Consume data infrastructure as-a-service via HPE GreenLake, eliminating up-front capital costs with a pay-per-use model. 

• Shift from owning and maintaining data infrastructure to simply accessing and utilizing it on-demand. 

• Free up your cash flow and increase financial agility with the right mix of subscription and consumption-based services. 

 

FIGURE 1. HPE Alletra 6030 storage array (front facing, bezel) 

 

FIGURE 2. HPE Alletra 6030 storage array (front facing, no bezel) 

https://www.hpe.com/us/en/greenlake/storage.html
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FIGURE 3. HPE Alletra 6030 storage array (rear facing, shown with 10/25 Gb network ports and 32 Gb Fibre Channel ports) 

HPE ProLiant DL380 Gen10 server 
The HPE ProLiant DL380 Gen10 server delivers the latest in security, performance, and expandability—backed by a comprehensive 
warranty. Standardize on the industry's most trusted compute platform. The HPE ProLiant DL380 Gen10 server is securely designed to 
reduce costs and complexity, featuring the First- and Second-Generation Intel® Xeon® Processor Scalable Family with up to a 60% 
performance gain and a 27% increase in cores, plus the HPE 2933 MT/s DDR4 SmartMemory supporting 3 TB. It supports 12 Gb/s SAS and 
up to 20 NVMe drives. 

 

FIGURE 4. HPE ProLiant DL380 Gen10 server (front, no bezel, SFF) 

Main hardware components for this server: 

• Two 1.9 TB SAS SSDs in RAID 1 configuration were used for the OS volume, and one 1.9 TB SSD was used for the SQL tempdb. 

• 256 GB RAM, with 118 GB dedicated to SQL as defined by the Microsoft Data Warehouse testing documentation 

• Two Intel® Xeon® Gold 6130 CPU @ 2.1 GHz 

• Two dual-port HPE 640SFP28 10/25 Gb network adapters (for array data traffic) 

Software 
Microsoft software used for this test: 

• Windows Server 2019 

• SQL Server 2019 Developers Edition 

• SQL Server Management Studio 18.8 

https://www.hpe.com/us/en/servers/proliant-dl-servers.html
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BEST PRACTICES AND CONFIGURATION GUIDANCE 
This section provides the hardware and software configuration information. 

HPE Alletra 6030 storage array configuration 
This configuration assumes that the storage array is already registered and configured through HPE’s Data Services Cloud Console (DSCC) 
and is online and accessible from the local network. See this preinstallation link or contact your HPE support team for assistance with 
configuring your HPE Alletra storage array with HPE DSCC. 

The following hardware was used in the HPE Alletra 6030 array: 

• Twelve 1.9 TB NVMe SSDs 

– One pool using the default array settings 

• Two 10 Gb network connections per controller, connected to an HPE FlexFabric 5900 switch 

HPE Alletra 6030 volumes were configured for SQL as follows: 

• Five 1 TB volumes for databases, using built-in SQL Server performance policy (8k blocks) 

• One volume for database logs, using built-in SQL Server Logs performance policy (4k blocks) 

This configuration used iSCSI to map volumes from the HPE Alletra 6030 array, so an Initiator Group must be created and initiators from the 
server added. After the Initiator Group has been configured, array volumes can then be mapped to it. The UI for adding the Initiator Groups 
can be accessed from the storage array’s webUI, under Manage  Data Access  + as shown in FIGURE 5. 

 

FIGURE 5. HPE Alletra 6030 “Data Access” menu 

The IQN of the server can be found in the iSCSI Initiator Properties Configuration tab in Windows 2019—this will remain the same for each 
initiator even though the IPs are not. In this case, the server IQN is iqn.1991-05.com.microsoft:sse17-19-19 (FIGURE 6). The 
IQN can also be found from the HPE Storage Connection Manager application (FIGURE 17), in the Initiator Name field. 

 

FIGURE 6. Windows iSCSI “Initiator Name” 

All four 10 Gb network connections (two of the dual-port HPE 640SFP28) from the server were added to the Initiator Group, as shown in 
FIGURE 7. The Initiators section will have only one entry to start with; click the Add button for another entry. From the Available Subnets 
selection, only the iSCSI data subnet was used, as the management subnet was already configured for the 1 Gb LAN connection. 

https://infosight.hpe.com/welcomecenter/getting-started/checklist?model=9060&opt=factory&product=alletra
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FIGURE 7. Editing the iSCSI Initiator Group on the storage array 

After all initiators have been added and saved, they will appear in the main Initiator Group list, shown in FIGURE 8. 

 

FIGURE 8. Completed Initiator Group 

Optional—A folder was created under the default pool to keep volumes organized. Navigate to  
Manage  Data Storage  Folders button  + to view this, shown in FIGURE 9. 
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FIGURE 9. “Folders” selection button 

Default settings were used in the Create Folder wizard, illustrated in FIGURE 10. 

 

FIGURE 10. “Create Folder” wizard 

Volumes can now be added and mapped to the Initiator Group that was created previously. Navigate to  
Manage  Data Storage  Volumes button  +, shown in FIGURE 11. 

 

FIGURE 11. “Volumes” selection button 
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The Create Volume wizard is where you will configure the volume’s properties. There are drop-down menus for selecting the proper 
options. 

The Performance Policy was set to: 

• SQL Server (for database volumes) 

• SQL Server Logs (for database logs) 

FIGURE 12 is an example of configuring a volume’s properties. The Access field contains the Initiator Group name that was previously 
created. 

 

FIGURE 12. Configuring volume properties in the “Create Volume” wizard, highlighting the Initiator Group 

Completed volumes will appear in the main Data Storage menu (FIGURE 13), and at this point can be seen from the server, which will be 
configured in the Server configuration section. 
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FIGURE 13. Data Storage menu showing the Volumes list 

Server configuration 
The HPE ProLiant DL380 Gen10 server includes optimized power profiles for various types of server workloads. “Decision Support” was 
selected as this profile is optimized for Data Warehouse/TPC-H workloads. 

Access the settings from the Intelligent Provisioning Screen (F10) during POST, select Perform Maintenance, and then select the 
BIOS/Platform Configuration option (FIGURE 14). 

 

FIGURE 14. Intelligent Provisioning “Perform Maintenance” screen 

The workload profile has a drop-down list to choose from at the very bottom of the screen that is not immediately apparent. Use this menu 
to select the proper server workload. In this case, select the Decision Support profile from the drop-down menu (FIGURE 15) and then click 
the Update button. 
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FIGURE 15. Workload Profile 

Windows Server 2019 configuration 
As there were multiple network connections between the server and storage array (four 10 Gb ports on the server and two 10 Gb ports on 
each HPE Alletra controller), the MPIO server feature was installed (FIGURE 16). Without MPIO, Windows would see each network path as 
different devices for a single volume presented from the storage array and not configure them as the same device. Adding the MPIO server 
feature will require a reboot before proceeding to the next step. 

 

FIGURE 16. Windows Server 2019 MPIO feature selection 

Using HPE Storage Connection Manager for MPIO and iSCSI setup 
Instead of manually configuring MPIO and each network path from within the Windows iSCSI Initiator, the HPE Storage Connection Manager 
tool should be used to automatically configure them. Once installed, click the Add button under the Discovery IP section (FIGURE 17). 

NOTE 
The Discovery IP of the array should have been configured during initial setup. To view the current configuration, log in to the array UI and 
navigate to Administration  Network  General  Configure Active Settings, and then select the Subnets tab. 

https://infosight.hpe.com/org/32518170-259f-41ca-8237-b64b72a90cee/resources/nimble/software/Integration%20Kits/HPE%20Storage%20Windows%20Toolkit%20(NWT)
https://infosight.hpe.com/org/32518170-259f-41ca-8237-b64b72a90cee/resources/nimble/software/Integration%20Kits/HPE%20Storage%20Windows%20Toolkit%20(NWT)
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FIGURE 17. HPE Storage Connection Manager UI 

The newly opened window should show the Discovery IP of the array automatically. If not, use the Advanced button (FIGURE 18) to 
manually enter the Discovery IP. In this case both the HPE Alletra 6030 (192.168.0.100) and the HPE Nimble AF40 (192.168.0.200) were 
automatically discovered by the HPE Storage Connection Manager application. 

 

FIGURE 18. Add Discovery IP selection window 

After the array has been added, the volume group that were created previously on the HPE Alletra 6030 array should appear in the 
Volumes tab. To activate the volumes, click the Connect button, and a pre-populated window will open with the relevant iSCSI information. 
Click OK and the volumes will now be accessible, as shown in FIGURE 19. 
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FIGURE 19. HPE Storage Connection Manager “Volumes” tab 

After configuring the HPE Storage Connection Manager tool and rebooting, the Nimble Server device should have been added to MPIO, as 
shown in FIGURE 20. 

 

FIGURE 20. HPE “Nimble Server” device added to MPIO 

Additionally, the Windows iSCSI Initiator should now have all network paths between the storage array and the server added in the Favorite 
Targets tab (FIGURE 21). In this case, 4 x 10 Gb ports on the server and 2 x 10 Gb ports on the storage array for a total of eight network 
paths. 
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FIGURE 21. Multiple iSCSI targets added by HPE Storage Connection Manager 

Volume configuration 
Disk Management will now show the correct number of volumes presented from the HPE Alletra 6030 storage array to the server. 

When formatting a partition or volume that will be used for SQL Server data files, Microsoft recommends a 64 KB allocation unit size for data, 
logs, and tempdb. Note that using allocation unit sizes greater than 4 KB does not allow the use of NTFS compression on the volume. 
Although not recommended, SQL Server does support read-only data on compressed volumes. 

The HPE Alletra 6030 array volumes were formatted as 64k ReFS and added as mount points to the C:\SQL-DB directory. NTFS can also 
be used. 

• Five volumes for the SQL database 

• One volume for SQL log 

• One local volume SSD for tempdb 

Configuration testing also included using separate LUNs for each database file, as well as a single volume for all database files, with no 
measurable difference in performance. In earlier versions of SQL, separating files to different LUNs was a performance best practice for Data 
Warehouse workloads. This is no longer absolute for newer versions of SQL Server. Consult your DBA regarding tuning for your specific 
workload. Also, using more tempdb files or volumes did not noticeably increase server performance. 

SQL Server setup 
The SQL Server 2019 installation options included the database engine and client connectivity tools. The number of SQL tempdb files 
followed Microsoft’s recommendation of one tempdb file for every two cores—up to eight files. This configuration used eight tempdb files 
and one tempdb log. 

The client connectivity tools are no longer included with the server installation files. SQL Server Management Studio was downloaded and 
installed separately. 

Following Microsoft’s testing recommendations, SQL Resource Governor was enabled (FIGURE 22) with memory grant set to 12% for two 
physical processors. 

https://docs.microsoft.com/en-us/sql/ssms/download-sql-server-management-studio-ssms
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FIGURE 22. Enabling Resource Governor 

SQL memory was set to 118 GB (out of 256 GB total system RAM), following Microsoft’s Data Warehouse testing guidelines for two physical 
processors (FIGURE 23). 

 

FIGURE 23. SQL memory configuration 

To save time, separate row and column store databases were used. This avoided the conversion steps between row and columns stores if 
just a single database was used. 

TESTING 
This section provides detailed comparisons between the HPE Alletra 6030 array and the previous generation on equivalent hardware, the 
HPE Nimble AF40 array. 

HPE Alletra 6030 array compared to HPE Nimble AF40 array 
Each array used two 10 Gb ports per controller and the same test server, so IOPS and throughput performance was expected to be similar 
across both arrays. This amount of network bandwidth is not enough to max out performance on either array. IO and throughput 
performance, however, was not the whole story. As shown in TABLE 1, read and write latency on the HPE Alletra 6030 array was orders of 
magnitude better than the HPE Nimble AF40 array, while also providing reduced array CPU usage. 
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TABLE 1. Latency performance comparison between HPE Alletra 6030 array and HPE Nimble AF40 array 
 

Row average 
read 

Column average 
read 

Row peak 
read 

Column peak 
read 

Row average 
write 

Column 
average 
write 

Row peak 
write 

Column 
peak write 

HPE Alletra 6030 
latency in MS 

0.80 2.03 1.45 3.10 .01 .01 .20 .16 

HPE Nimble AF40 
latency in MS 

3.29 32.32 5.54 36.55 .20 .06 .27 .32 

Improvement % 311.25% 1492.12% 282.07% 1079.03% 1900% 500% 35% 100% 

 

FIGURE 24 is a time slice of about an hour and a half of the column store random-read test of both storage arrays. The “Potential Impact” 
metric (scale of 0 through 10) of latency on performance is very low for a majority of the HPE Alletra 6030 array run, whereas the  
HPE Nimble AF40 array was high the entire testing period (shown in FIGURE 25). 

 

FIGURE 24. HPE InfoSight Potential Impact score 

The following IOPS, Latency, and Throughput graphs taken from HPE InfoSight are split between the row store test on the left side and the 
columns store tests on the right side. 

  

HPE Alletra 6030 

HPE Nimble AF40 
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While IOPS numbers are similar for each array, latency was not a huge factor for the HPE Alletra 6030 array compared to the HPE Nimble 
AF40 array. The HPE Nimble AF40 array’s much higher overall latency will limit other simultaneous workloads to the array, especially if they 
rely on low-latency transactions (FIGURE 25). 

 

FIGURE 25. Effect of latency on IOPS 

Throughput performance for both arrays were similar as they were limited to two 10 Gb network connections for data transfer. However, 
latency differences across the test were so significant that HPE InfoSight changed the scale of the following graph to visualize it properly. 
The HPE Alletra 6030 array’s scale went up to 4 MS, while the HPE Nimble AF40 array maxed out at 50 MS. 

Also of significance, the latency for the much-more-taxing column store test on the HPE Alletra 6030 array was lower than the much-less-
taxing row store test on the HPE Nimble AF40 array, illustrated in FIGURE 26. 

HPE Alletra 6030 

HPE Nimble AF40 
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FIGURE 26. Latency scale and Throughput comparison 

Average array CPU utilization of the HPE Alletra 6030 array was just under 50%. The HPE Nimble AF40 array was very often above that 
utilization (FIGURE 27). The lower CPU usage of the HPE Alletra 6030 array coupled with the huge latency decrease leaves more headroom 
for other workloads. 

 

FIGURE 27. CPU Utilization comparison 

HPE Alletra 6030 

HPE Nimble AF40 

HPE Alletra 6030 

HPE Nimble AF40 
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SUMMARY 
These tests highlight the performance improvements of the HPE Alletra 6030 storage array running SQL TPC-H workloads versus the 
previous generation HPE Nimble AF40 array hardware. The HPE Alletra 6030 array with all NVMe SSDs and new controller architecture 
allow it to handle more simultaneous workloads at lower latency, and will improve application performance across the board—especially 
those that require low-latency transactions such as OLTP, VMs, and AI compute. Key test results for the HPE Alletra 6030 array are: 

• Latency has a significantly lower impact on array performance, and also requires less array CPU utilization for the same workload when 
compared to the previous generation HPE Nimble AF40 array. 

• Average read performance latency has improved by over 3x for row store and almost 15x for column store databases when compared to 
the HPE Nimble AF40 array. 

• Average write performance latency has improved by 19x for row store and 5x for column store databases when compared to the  
HPE Nimble AF40 array. 

Testing was performed by Hewlett Packard Enterprise in October 2021. 
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RESOURCES AND ADDITIONAL LINKS 
Hewlett Packard Enterprise links: 

HPE Alletra 6000 series storage arrays 
buy.hpe.com/us/en/storage/disk-storage-systems/alletra-storage-arrays/alletra-storage-6000-arrays/hpe-alletra-6000/p/1013540188 

HPE ProLiant DL380 Gen10 server 
hpe.com/us/en/product-catalog/servers/proliant-servers/pip.hpe-proliant-dl380-gen10-server.1010026818.html10 

HPE Servers 
hpe.com/servers 

Microsoft links: 

Windows Server 2019 
microsoft.com/en-us/evalcenter/evaluate-windows-server-2019 

SQL Server 2019 
microsoft.com/en-us/sql-server/default.aspx 

SQL Server Management Studio 
docs.microsoft.com/en-us/sql/ssms/download-sql-server-management-studio-ssms?view=sql-server-ver15 

 

 

 

LEARN MORE AT HPE DATA STORAGE 
hpe.com/storage/microsoft  
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https://www.microsoft.com/en-us/evalcenter/evaluate-windows-server-2019
https://www.microsoft.com/en-us/sql-server/default.aspx
https://docs.microsoft.com/en-us/sql/ssms/download-sql-server-management-studio-ssms?view=sql-server-ver15
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