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Understanding SPC-1C SSD Performance  
Test Results

Everyone knows that solid state drives are fast. While speed is great, 
consistent performance is essential. That’s because data centers are driven 
by service level agreements (SLAs) that demand the same level of fast 
storage performance 24×7×365, regardless of the workload complexity or 
changing I/O intensity levels. So how can you evaluate the sustainability of 
SSD performance?

Criteria for Evaluating SSD Vendors

When evaluating enterprise SSD vendors and products:

1. Ask vendors to have product performance claims validated by a proven, 
independent third-party auditor.

2. Make sure the test methodology leverages enterprise workloads that 
include predominately random I/Os per second and uses both query and 
update operations. Online transaction processing, email, and database 
applications deliver these types of workloads.

3. Confirm that the test evaluates and reports on user responsiveness 
(eliminating excursions) and latency with respect to changing I/O 
intensity levels. This is an important performance consistency indicator 
as it shows the level of variance in end-user response time.

4. Ask the vendor to disclose the test duration. One-hour tests are good 
to gauge general performance, but insufficient to prove long-term 
consistency. An 8-hour test time is needed to gather a sufficient amount 
of raw data that can confidently be extrapolated to prove long-term 
performance consistency.           

5. Ensure that the performance test is reproducible and uses consistent test 
metrics. This enables easier comparisons across vendor products.

6. Finally, request that test results be made publically available by the 
auditor.
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SPC-1C Performance Benchmark 

The Storage Performance Council’s SPC-1C storage benchmark1 is 
one way to evaluate sustainable device-level performance and compare 
individual storage components, such as SSDs, HDDs, HBAs/controllers, 
small storage subsystems (single enclosure) and storage software. The 
SPC-1C workload is comprised of a set of I/O operations specifically 
designed to demonstrate the performance of a small storage subsystem 
while performing the typical functions of a mission-critical application. While 
enterprise workloads vary, the SPC-1C test uses synthesized, scalable, 
real-world workloads that represent a segment of enterprise applications 
characterized by predominately random I/O operations and require both 
query and update operations (for example: OLTP systems, database 
systems and mail server applications).

The SPC-1C test methodology is the best approach because it is clearly 
defined, platform-independent and supports popular operating systems 
such as Windows and Linux. This enables apples-to-apples comparisons 
across vendor products and establishes a level playing field for all SSD 
manufacturers. It also measures and provides trending data on user 
responsiveness and latency with respect to changing I/O-intensity levels. 
Finally, the Storage Performance Council is a proven, respected storage 
industry organization that also provides independent audit services and 
publicizes performance benchmark results online. 

Understanding SPC-1C Performance Benchmark Metrics 
and Test Results

The Storage Performance Council produces two reports for an SPC-1C 
Performance Benchmark Test: a short Executive Summary and a longer, 
detailed Full Disclosure Report.

The four most important metrics to consider in SPC-1C performance 
benchmark reports include SPC-1C IOPS, Total ASU Capacity, Data 
Protection Level and Priced Storage Configuration (total price). These are 
discussed in the following sections.

Table 1: Seagate® Pulsar.2™ Drive Performance Results

SPC Benchmark 1C V1.3 Reported Data

Tested Storage Product (TSP):   
Seagate Pulsar.2/ST400FM002

Metric Reported Results

SPC-1C IOPS 14,008.36

Total ASU Capacity (GB) 399.931

Data Protection Level Unprotected

SPC-1C IOPS

SPC-1C IOPS represents the maximum 
number of complex I/Os that can be processed 
per second by the device while consistently 
delivering an average response time of less than 
30ms (30/1000 of 1 second) as defined in the 
SPC-1C specification. As a rule of thumb, the 
higher the IOPS number, the faster the device. 
For example, in Table 1, the Seagate® Pulsar.2TM 
SSD (400GB) sustained 14,008.36 IOPS at full 
utilization (400GB).

When evaluating the SPC-1C IOPS for 
sustainable performance, you must also consider 
both the average response time and linearity 
of the average response time distribution 
throughout the duration of the measurement 
period. For example, Table 2 shows that the 
Pulsar.2TM SSD consistently delivered 14,008 I/Os 
with an average response time of 3.13ms—well 
under the 30ms specification threshold—with  
a linear distribution (a flat line without up and  
down spikes). The flatter the distribution line,  
the more consistent the performance the device 
will deliver.

1 www.storageperformance.org
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Table 2: Sustainability—Seagate® Pulsar.2™ Average  Response Time (ms) Distribution Graph
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Total Application Storage Unit (ASU) Capacity 

Total ASU represents the total user addressable storage capacity read and 
written in the course of executing the SPC-1C benchmark test. To evaluate 
performance when the entire storage capacity of a device is used, make 
sure that the total ASU is 100% of the available storage capacity of the 
device. For example, if you purchase a 400GB SSD, you want to make 
sure that the total ASU is 400GB to understand what level of performance 
to expect. A total ASU of 200GB (50% of the total device capacity) would 
indicate a short-stroked SSD and skew your performance and ROI results. 
The performance would be faster on a 50% utilized device than on a 100% 
utilized device, but this would skew your IOPS/$ calculations.

Data Protection Level 

The Data Protection Level indicates the presence of data protection in the 
event of a single point of failure. (This refers to a RAID configuration, not 
data encryption on the device.) Today, SPC-1C tests focus on individual 
components; hence, a value of unprotected in this field indicates that a 
single storage device has been evaluated. In the future, Seagate expects 
the SPC-1C test to focus on protected configurations, enabling IT 
professionals to compare RAID and mirrored device configurations and 
more easily model scalability. 

Note that average response 
times remain well under the 
30ms threshold and that the 
distribution line is flat (linear) 
throughout the test period.

Conclusion

When evaluating SSD performance, follow 
industry best practices and leverage third-party 
evaluations to validate vendor claims. Make 
sure the performance testing is done over an 
extended period of time to ensure that a steady 
state of operation has been achieved (vs. fresh, 
out-of-the-box performance). If using SPC-1C 
Performance Benchmark results, make sure 
you look for high SPC-1C IOPS numbers in 
conjunction with low average response times 
and linear average response time distribution 
over the duration of the test period. Additionally, 
recheck your Total ASU Capacity value to ensure 
that your IOPS/$ calculations are realistic for how 
you intend to use SSDs within your environment. 
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