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Abstract 

This paper describes the feature enhancements in IBM XIV Storage System Gen3 (software 
release 11.1.1) and how these enhancements can help improve I/O performance for SAS 
business analytics workloads. The paper also demonstrates how SAS Grid is deployed on IBM 
Power servers with XIV Gen3 and IBM General Parallel File System (GPFS), along with I/O 
performance data for SAS Grid workloads and comparison of I/O performance with IBM XIV 
Storage System second-generation model. 

 

Introduction 
SAS analytics provide an integrated environment for predictive and descriptive modeling, data mining, 
text analytics, forecasting, optimization, simulation, experimental design, and more.  

The IBM® Power Systems™ family of servers includes proven workload consolidation platforms that can 

help clients to control costs while improving overall performance, availability, and energy efficiency. With 
these servers and IBM PowerVM® virtualization solutions, an organization can consolidate large numbers 
of applications and servers, fully virtualize its system resources, and provide a more flexible and dynamic 

IT infrastructure.  

The IBM XIV® Storage System is a high-end disk storage system designed to provide consistent, 
enterprise performance and exceptional ease of use. IBM XIV Storage System Gen3, the latest 

generation of the system (at the time of this publication), can provide improved performance for clients' 
most-demanding application workloads, such as virtualization, analytics, and cloud computing. 

The IBM Power® servers with IBM GPFS™ and IBM XIV Storage System Gen3 provide an integrated 

analytical environment that can support the business analytics needs of the most-demanding 
organizations.  

This technical white paper describes the new features and enhancements delivered with XIV Gen3 

release 11.1.1, and how the enhancements help SAS workloads in terms of I/O performance 
improvements. The paper also describes detailed I/O performance results for SAS workloads on XIV 
Gen3, along with a comparison of the results with XIV second-generation model.  

The benchmark results published in the paper reflect a SAS Grid Computing environment deployed on 
IBM Power 780 servers with GPFS and XIV Gen3. This paper is an extension to the detailed white paper 
SAS 9.3 grid deployment on IBM Power servers with IBM XIV Storage System and IBM GPFS published 

in 2012 at: ibm.com/support/techdocs/atsmastr.nsf/WebIndex/WP102192. Refer to the detailed paper for 
information about deployment models, configuration, and tuning guidelines. 

 

XIV Storage System Gen3 
The IBM XIV Storage System is a high-end, easily scalable, enterprise disk storage system designed to 
deliver performance, scalability, and ease of management. The XIV Gen3 (Model 114) system adds many 
new features and enhancements that deliver improved I/O performance over the second-generation 

model (Model A14). Figure 1 summarizes a technical comparison between both the models.  
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Figure 1: Technical comparison between XIV Gen3 and XIV second-generation models 

Note: As of 26 October 2012, the XIV second-generation system (Model A14) is no longer available for 
sale. 

The following list summarizes some of the key XIV Gen3 features and enhancements that play a key role 
in I/O performance improvements. 

 InfiniBand® interconnect between modules provides 20 times internal bandwidth, compared to 

XIV second-generation model  
 New interface and data modules 

- More processing power and system throughput 

- Total 60 cores, 120 hyper-threads per rack 
 Fifty percent more cache capacity compared to XIV second-generation model  

- 24 GB cache (DDR3) per module (total 360 GB for full rack) 

- Significantly improves cache performance even without solid-state drive (SSD) caching 
 Over two times external bandwidth  compared to XIV second-generation model 

- 8Gb Fibre Channel (FC) and 1Gb iSCSI on all interface modules 

- Up to twenty-four 8Gb FC ports and 22 iSCSI 1Gb ports 
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 SSD cache for improving random read I/O  
- Optional (priced) SSD cache 

- 400 GB SSD per module 
- 6 TB of SSD cache for full rack 

Figure 2: XIV Gen3 components 

How do SAS workloads benefit from enhancements in XIV Gen3? 

SAS analytics applications perform large-block sequential read and write operations. Some of the new 
SAS business intelligence (BI) applications perform some random access of data but, for the most part, 

the SAS workload is characterized predominately by large-block sequential I/O requests with high 
volumes of data.  

The following enhancements to XIV Gen3 help to improve I/O performance for SAS workloads: 

 InfiniBand interconnect between modules 
 DDR3 memory cache of 360 GB (compared to 240 GB DDR2 cache in XIV second-generation 

model) 

 8Gb FC external connectivity (compared to 4Gb FC external connectivity in XIV second-
generation model) 

 6 TB of SSD cache (for random I/O) 



   
Deployment example – SAS Grid on Power servers 
with XIV Gen3 and GPFS 
This section describes SAS Grid deployment on IBM Power servers with XIV Gen3 and GPFS, as an 
example. The deployment architecture is provided in detail in the following figure. 

 

Figure 3: SAS Grid deployment architecture on IBM Power servers with XIV Gen3 and GPFS 

Configuration and tuning guidelines 

XIV Gen3 configuration details: 

- XIV machine type: 2810 
- Machine model: 114  
- System version: 11.1.1 

- Drives: 180 SAS drives each with 2 TB capacity and 7200 rpm speed 
- Usable capacity : 161 TB 
- Modules: 15  

- Cache: DDR3 360 GB  
- SSD cache: 6 TB 
- Six 8Gb dual-port FC adapters (12 ports) connected to storage area network (SAN) 

- Stripe size: 1 MB (default) 
- SSD cache enabled(by default), for all volumes used in benchmark 
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Configuration and tuning guidelines remain same for the rest of the stack. For more details about 
deployment models, configuration and tuning guidelines, refer to the SAS 9.3 grid deployment on IBM 

Power servers with IBM XIV Storage System and IBM GPFS paper at: 
ibm.com/support/techdocs/atsmastr.nsf/WebIndex/WP102192. The paper includes the configuration of 
the XIV second-generation model used in the earlier benchmark. 

I/O performance with XIV Gen3  
As part of the benchmark, SAS mixed analytics workload was run on a SAS Grid deployed on an IBM 
Power 780 server with XIV Gen3 and GPFS. The deployment model is shown in Figure 3. This section 
describes the benchmark results with XIV Gen3 in detail, and compares the results with the XIV second-

generation model.  

Benchmark workload details 

The benchmark test used the grid to simulate the workload of a typical SAS Foundation customer using 
Grid Computing. The goal was to evaluate the multiuser performance of the SAS software on IBM Power 

servers with XIV Gen3 and GPFS. The workload generates an emphasis on I/O, which SAS software 
uses heavily while running a typical SAS Foundation program. Details of the workload used during the 
benchmark are described in the SAS 9.3 grid deployment on IBM Power servers with IBM XIV Storage 

System and IBM GPFS paper at ibm.com/support/techdocs/atsmastr.nsf/WebIndex/WP102192. 

The performance measurement for these workloads is response time (in seconds), which is the 
cumulative processor usage time (user + sys) of all the jobs in the workload. Lower response time is 

better, and the workload is said to have performed better. Throughout this paper, this metric is referred to 
as workload response time. 

SAS workload I/O performance  

The benchmark testing used the following workload scenarios:  

 40-session workload  
 80-session workload  
 Grid and workload scalability 

40-session workload benchmark results 

The following list provides a summary of the 40-session grid workload on the deployment architecture (as 
shown in Figure 3).  

 Peak I/O throughput of 4.7 GBps and sustained throughput of 4.0 GBps for XIV  
 Equivalent I/O throughput of around 285 MBps per core, considering the grid is deployed on 14 

cores 

 Average latency (response time) is 6 ms 
 Workload response time (for 144 jobs) is 37795 seconds 
 Average grid processor usage is 45%, processor wait is 5%, and processor idle is 50% during the 

workload run 
 Power 780 server is at 80% utilization at peak throughput 
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Comparison of performance metrics for a 40-session grid workload, between XIV second-generation and 
XIV Gen3 models: 

 210% improvement in IO throughput  
 86% reduction in disk response time (latency) 
 Cache hit improved from 15% (XIV second-generation model) to 37% (XIV Gen3) 

 45% reduction in workload response time 

 

Figure 4: 40-session workload – comparison of performance metrics between the two XIV models 

 

Figure 5: 40-session grid workload – throughput for XIV and GPFS (also shows XIV latency) 



   
Figure 4 provides detailed performance metrics for the 40-session workload. The figure also shows a 
comparison of the performance metrics for the workload between XIV second-generation and XIV Gen3 

models. Figure 5 shows the comparison of the throughput for XIV and GPFS for the 40-session workload; 
the differences in the throughput are attributed to some of the I/O serviced from the GPFS pagepool. The 
pagepool is the GPFS cache of dedicated and pinned memory on each node; this cache allows client-

side caching (user data and file system metadata) and offers performance gain by not having to transfer 
data to and from the disk. Figure 5 also shows the disk access latency for the workload. Figure 6 shows 
the processor usage trend for the workload. The Power 780 server is at 80% utilization at peak 

throughput. Figure 7 shows a comparison of the throughput and latency for the 40-session workload 
between the XIV models. 
 

 
 
 

 
 
 

 
 
 

 
 

 

 

Figure 6: 40-session grid workload – processor usage for the grid 

 

Figure 7: 40-session grid workload – comparison of throughput and latency between the XIV models 

80-session workload benchmark results 

The following list provides a summary of benchmark results for the 80-session grid workload. 

 Peak I/O throughput of 5.3 GBps and sustained throughput of 4.3 GBps at XIV 

 Equivalent I/O throughput of around 305 MBps per core, considering grid deployed on 14 cores 
 Average latency (response time) is 8.5 ms 
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 Workload response time (for 288 jobs) is 120656 seconds 
 Average grid processor usage is 76%, processor wait is 3%, and processor idle is 21% during  

workload 
 Power 780 server is at 95% utilization at peak throughput. 

Comparison of performance metrics for an 80-session grid workload between XIV second-generation and 

XIV Gen3 models: 

 200% improvement in I/O throughput (sustained throughput of 1450 MBps with XIV second-
generation model compared to 4275 MB/sec with XIV Gen3) 

 86% reduction in disk response time (latency) (60 ms with XIV second-generation model 
compared to 8.5 ms with XIV Gen3) 

 49% reduction in workload response time (120656 seconds with XIV Gen3 compared to 235065 

seconds with XIV second-generation model) 

Figure 8 shows the processor usage for the grid (14 cores allocated to the four grid nodes) for the  
80-session workload. As shown in the figure, the Power 780 server is at 95% utilization at peak 

throughput. 

 

Figure 8: 80-session grid workload – processor usage for the grid  

Grid and workload scalability 

The benchmark test exercises the scalability of the SAS Grid on IBM Power servers with XIV Gen3 and 
GPFS. As the number of sessions grows, the grid is expanded by adding additional nodes. Starting with 

one node and 10 workload sessions, the grid scalability is measured by adding additional nodes and 
running additional workload sessions: 20 sessions on two nodes, 30 sessions on three nodes, and 40 
sessions on four nodes. As a node is added, the processing capacity of the grid increases; with increased 

processing capacity, when additional workload sessions are scheduled (on a one node = 10 sessions 
basis), the overall workload performance (workload response time) should be linear. Note that the back-
end XIV storage capacity and FC connectivity [N_Port ID Virtualization (NPIV) through Virtual I/O Server 

(VIOS)] from the Power 780 server to the SAN fabric remains the same as nodes are added to the SAS 
Grid. Figure 9 shows the scalability of SAS Grid on the IBM Power 780 server using XIV Gen3. As shown 
in the figure, the grid scaled linearly as nodes are scaled from one to four and workload sessions 

incremented from 10 to 40. 
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Figure 9: Scalability of grid on the Power 780 server as nodes are added and additional jobs scheduled 

Summary of performance comparison between XIV second-generation 
and XIV Gen3 models 

This section summarizes the benchmark performance comparison between XIV Gen3 and XIV second-
generation models, based on the following metrics: 

 Workload response time (seconds) 

 Throughput at XIV (MBps) 
 Latency (disk response time) at XIV (ms) 

The workloads are: 

 10 sessions on one node; 20 sessions on two nodes; 30 sessions on three nodes  
 40 sessions on four nodes 
 60 and 80 sessions on four nodes 

Note that the capacity of XIV and FC connectivity between the Power 780 server and the SAN fabric 
remain the same irrespective of the number of sessions for the grid workload. Also, the 60 and 80 
sessions were run on the four-node grid without adding any additional capacity (such as processors, 

memory or I/O). The four-node grid resources remain the same for 40, 60, and 80 session workloads. 

As shown in Figure 10, the grid performs much better on XIV Gen3 across the workloads. The workload 
response time improvement varies from 40% to 49%, depending on the workload. As shown in Figure 11, 

the I/O throughput improvement varies from 110% to 210% depending on the workload, and the latency 
(disk response time) is reduced by about 85% across the workloads, as shown in Figure 12.  

The throughput achieved during the testing with XIV Gen3, on the deployment architecture described in 

Figure 3, is a factor of user workload characteristic. The infrastructure (with XIV Gen3) can handle higher 
throughput depending on the workload. Refer to the Storage Performance Council SPC-2/E benchmark 
results for XIV Gen3 at: http://www.storageperformance.org/benchmark_results_files/SPC-

2E/IBM/BE00001_IBM_XIV/be00001_IBM%20_XIV-Storage-System_SPC2E_full-disclosure.pdf for more 
details.  
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Figure 10: Grid workload response time comparison between the two XIV models 

 

Figure 11:  Throughput comparison between the two XIV models  

 

Figure 12: Latency comparison between the two XIV models 
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SSD cache usage for grid workloads 

SSD caching is enabled, by default, for all volumes newly created, when SSD caching is enabled globally 
at the XIV system level. During the grid benchmark on XIV Gen3, SSD caching was enabled for all 16 

volumes used for SASWORK and SASDATA file systems.  

The SAS Grid workload used in the benchmark is meant to reflect a real-world SAS user environment, 
and is predominantly a large-block (greater than 512 KB) sequential I/O, with a read/write ratio of 55 to 

45. As this particular workload does not take advantage of the XIV enhanced SSD caching, the SSD 
cache hit is found to be negligible for this benchmark. As a workload begins to reflect the favorable 
characteristics (listed below in this section) for SSD cache, the performance improvements will be much 

higher, as XIV Gen3 has up to 6 TB of extended SSD cache. 

Typical workload characteristics that are a best fit for effective SSD cache usage (note that SSD cache in 
XIV Gen3 is used only for read operations with less than 64 KB transfer size): 

 Highly random reads 
 Read/Write ratio of 80 to 20 
 Small block (less than 64 KB) 

Figure 13 illustrates the cache hit for the 40-session workload. In the figure, the graph at the top shows 
Total Read Cache Hit for the workload, and the graph at the bottom shows SSD Hit and Memory Hit. The 
Memory Hit parameter indicates read I/O from the main dynamic random-access memory (DRAM) cache. 

The SSD Hit parameter indicates read I/O from the extended SSD cache. Sum of Memory Hit and SSD 
Hit equals the Total Read Cache Hit (shown in the graph at the top of the figure). In the figure, SSD cache 
hit appears negligible for a 40-session workload. For example, with peak throughput, the Total Read 

Cache Hit is 1948 MBps, out of which DRAM Memory hit is 1940 MBps; and SSD hit is just 8 MBps, 
which is less than 0.5% of the Total Read Cache Hit. SSD Cache Hit is found to be negligible for the 10-, 
20-, 30-, 60-, and 80-session workloads as well.  

 

Figure 13: Memory and SSD cache hit for a 40-session workload seen from the XIV GUI 
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Summary 
The IBM XIV Storage System Gen3 is well-suited for running SAS workloads and comes with many new 
features and enhancements that can provide significant I/O performance improvements. The paper 

demonstrates the performance improvements for SAS workloads when compared to the earlier version of 
XIV.  

 

Resources 
The following links provide useful references to supplement the information contained in the paper. 

 IBM Power Systems Information Center 
http://publib.boulder.ibm.com/infocenter/pseries/index.jsp 

 Power Systems on IBM PartnerWorld® 
ibm.com/partnerworld/systems/p 

 AIX on IBM PartnerWorld 

ibm.com/partnerworld/aix 

 SAS 9.3 grid deployment on IBM Power servers with IBM XIV Storage System and IBM GPFS 
ibm.com/support/techdocs/atsmastr.nsf/WebIndex/WP102192 

 Grid Computing in SAS 9.3 
http://support.sas.com/documentation/cdl/en/gridref/64808/PDF/default/gridref.pdf 

 SAS Grid Computing 

http://www.sas.com/resources/factsheet/sas-grid-computing-factsheet.pdf 
 

 IBM XIV Storage System Gen3 Architecture, Implementation, and Usage 

ibm.com/redbooks/abstracts/sg247659.html 
 

 Solid-State Drive Caching in the IBM XIV Storage System 

ibm.com/redbooks/redpieces/abstracts/redp4842.html 
 

 XIV Gen3 Grid Storage 

ibm.com/common/ssi/cgi-bin/ssialias?infotype=SA&subtype=WH&htmlfid=TSW03178CHEN 
 

 Storage Performance Council SPC-2/E Benchmark results for XIV Gen3 

- http://www.storageperformance.org/benchmark_results_files/SPC-
2E/IBM/BE00001_IBM_XIV/be00001_IBM%20_XIV-Storage-System_SPC2E_full-
disclosure.pdf 

- http://www.storageperformance.org/benchmark_results_files/SPC-2/Fujitsu_SPC-
2/B00063_Fujitsu_DX8700-S2/b00063_Fujitsu_DX8700-S2_SPC2_executive-summary.pdf 
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