
Intel® Solid-State Drives Increase  
Productivity of Product Design  
and Simulation
A study of how Intel® Solid-State Drives on workstations running ANSYS* structural  
mechanics software can improve time to market through faster computing.

EXECUTIVE SUMMARY
Solid-state storage technologies applied in solid-state drives (SSD) have rapidly evolved 
over the last few years, enabling more capacity and much greater reliability. SSDs now 
appear in a large number of Ultrabook™ and notebook models. They are standard in 
tablets providing low-power and fast access to data. Demanding users of workstations  
and desktops often specify them for operating system drives, and they are now 
commonly installed in enterprise-class servers. But, are SSDs effective in larger system 
applications, including technical computing, where massive data sets are common and 
time-to-solution can make or break a company’s competitive advantage? 

ANSYS, a leader in engineering simulation software, wanted to determine the impact on 
time-to-solution and productivity provided by SSDs. They benchmarked performance of 
their various structural mechanics solvers on hard disk drives (HDD) and different Intel® 
Solid-State Drives (Intel® SSDs) in various system configurations. 

ANSYS’ benchmarks showed Intel SSDs deliver a significant performance improvement 
in technical computing workloads over HDDs—up to 7.3X faster time-to-solution and 
number of jobs completed on average for their structural mechanics solvers. This paper 
looks at the benchmarks ANSYS completed and the results, showing the advantage of 
Intel SSDs in technical and high-performance computing (HPC). 

At up to 7.3X performance/

productivity improvement over 

HDDs for only 5.6X the cost 

difference, Intel® SSD 3700 

Series delivers a benefit to cost 

ratio of 1.3X, making it easy to 

understand the value of SSDs in 

computing for large workloads.
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ANSYS – DESIGN AND SIMULATION 
SOFTWARE LEADER
ANSYS is a leader in engineering simula-
tion software, enabling Simulation-Driven 
Product Development. Virtually every 
industry now recognizes that a key 
strategy for success is to incorporate 
computer-based engineering simulation 
early in their development flow, allowing 
engineers to design more innovative prod-
ucts and manufacturing processes. With 
ANSYS software, companies can foresee 
how product designs will behave and how 
manufacturing processes will operate in 
real-world environments. ANSYS products 
help companies refine and validate de-
signs at a stage where the cost of making 
changes is minimal, while improving time 
to market. 

The ANSYS software suite spans the 
entire range of physics and runs on a  
wide range of computing systems, from 
single developer workstations to high-
performance technical computing clusters. 
The technology reduces or eliminates 
physical constraints, enabling simulated 
tests that might otherwise not be 
possible. It fosters what-if thinking, so 
engineers can readily explore design 
alternatives for an optimal solution. 

INTEL – LEADER IN COMPUTING
Intel, with its Intel® Core™ processor, Intel® 
Atom™ processor and other families, Intel® 
workstation and server boards, Intel® chip-
sets, and many other products, is a leading 
technology innovator in a range of compo-
nents for computing, storage, networking, 
and software development, to enable 
balanced, high-performance, and energy 
efficient systems. Solid-state drives 
(SSDs) are known for their performance 
advantage over traditional spinning hard 
drives. For years Intel has been a leading 
innovator in delivering high-performance, 
energy-efficient, and highly reliable SSDs 
for storage applications, ranging from 
Ultrabooks to data center servers. 

Performance by Intel

Intel SSDs are only one step in the process 
to faster, more productive computing. 
Dual-processor systems scale better over 
single-processor computing for larger 
workloads, by offering more computing 
resources and fast access to them— 
typically, more cores and the faster the 
processor the better the performance. 
More memory reduces storage media 
thrashing and helps accelerate time to 
solution, by bringing more of the data 
closer to the processor. When data must 
be read and written, SSDs reduce disk 
access times significantly. Together, these 
ingredients create a high-performance, 
balanced computing solution to solve 
tough computing problems.

Intel SSDs offer solutions for nearly  
any end point device, from tablets to 
servers and clusters, in various form 
factors and technologies. 

•  Manufactured on 20nm Intel® NAND 
Flash Memory, the Intel® SSD DC 3500 
Series helps improve performance  
while protecting data.

•  Manufactured on 25nm Intel® NAND 
Flash Memory, Intel® SSD 3700 Series 
drives deliver fast, consistent perfor-
mance with high endurance and strong 
data protection.

•  Offering the ultimate storage solution 
with up to 4X faster access than SATA, 
Intel® SSD 910 Series brings SSD  
performance directly to the CPU over  
the PCIe* bus.
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ANSYS BENCHMARKS
Benchmarks and Test Bed

The ANSYS benchmarks were completed 
on a single, dual-socket workstation based 
on an 8-core Intel® Xeon® processor (16 
cores total). Four different workloads  
of various sizes were evaluated with 
different mechanical solvers to exercise 
the disk I/O, as shown in Table 1. All but 
one workload was completed with the 
entire model loaded into memory. The 
SP-6 workload ran out of core memory  
to strongly exercise the storage.

Benchmarks were run across different 
core counts (from 1 to 16) to characterize 
storage I/O while scaling up the worksta-
tion. Both SATA SSDs and PCIe SSDs were 
used in the tests to evaluate performance 
through the two different interfaces.  
All results were evaluated against a  
7200 rpm SATA drive, which is a typical, 
cost-effective storage medium for  
today’s workstations. 

Out-of-Core Versus In-Core 

Jobs run out of core memory require more 
disk accesses to read model data during 
the run and write results to disk. For the 
purposes of benchmarking, the extra disk 
thrashing takes time, but it exercises the 
I/O more significantly than in-core jobs, 
providing a better characterization of 
storage performance. 

When tests run in-core, the majority of I/O 
to disk is due to writing the results file 
from the simulation. Thus, jobs of a similar 
profile run faster in-core than when 
out-of-core. For improved productivity,  
it’s typically recommended to configure  
a workstation with more than enough 
memory to contain an entire model; some 
software vendors recommend memory of 
at least 2X the size of the largest model 
to be run. But, this level of memory is not 
always possible, and jobs must be run 
out-of-core. Thus, a more realistic 
benchmark includes out-of-core runs  
for better characterization.

Metrics

The benchmarks measured performance 
and calculated productivity for  
each configuration. 

•  Performance = time to solution in 
seconds for each run. In this paper, we 
present the total time to solution, 
including load and preparation for the 
run and the run itself, including writing 
the results file.

•  Productivity (or rating) = number of  
jobs per day possible with the available 
performance, calculated as total seconds 
in a day divided by the seconds to run 
the job. 

System Configuration

For the benchmarks, ANSYS used a single, 
dual-socket workstation based on the 
Intel® W2600CR Workstation Board with 
Intel® Xeon® Processor E5-2678W product 
family, as listed in Table 2. Each bench-
mark required a change in the storage 
configuration to test performance and 
productivity of each particular configu-
ration. The tests ran with various core 
counts to evaluate the impact of available 
processor resources on the workloads.

Name Solver DOFs Max .  
Memory Used Analysis Type

CG-2 PCG 11.8 M ~25 GB Static structural, linear

SP-3 SPARSE 2.3 M ~18 GB Transient structural, nonlinear

SP-5 SPARSE 2.1 M ~ 48 GB (in-core) Static structural, nonlinear (contact)

SP-6 SPARSE 4.9 M ~35 GB (out-of-core) Static structural, nonlinear

Table 1 . ANSYS Benchmark Mechanical Solvers and Workloads.

COMPONENT SPECIFICATION

CPU
Dual Intel® Xeon® Processor E5-2687W product family (3.1 GHz, 8 core),  
16 cores total

Memory 8 X 4 GB DDR3-1333 MT/s, Registered ECC, 32 GB total

OS Windows* 7 Professional x64 SP1

RAID Intel® Embedded Server RAID Technology II (Intel® ESRT2), 3 Gb/s SATA

Storage

Configurations for SATA (SSD & HDD) benchmarks:
•  4X Intel® SSD DC S3700 Series 400 GB, RAID 0, SATA 3Gb/s

•  2X Intel® SSD DC S3700 Series 400 GB, RAID 0, SATA 3 Gb/s

•  1X Intel® SSD DC S3700 Series 400 GB, SATA 6 Gb/s

•  1x 1 TB 7200 RPM HD, SATA 6 Gb/s

Configurations for PCIe* SSD benchmarks:
•  4 X Intel® PCIe SSD 910 Series 400 GB, RAID 0  

(8 X 200 GB NAND modules, striped in OS) 

•  2 X Intel® PCIe SSD 910 Series 400 GB, RAID 0  
(4 X 200 GB NAND modules, striped in OS) 

•  1 X Intel® PCIe SSD 910 Series 400 GB, RAID 0  
2 X 200 GB NAND modules, striped in OS) 

•  0.5 X Intel® PCIe SSD 910 Series 400 GB (1 X 200 GB NAND module) 

Table 2 . Benchmark Workstation Configuration.
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Summary of Results

The results of ANSYS’ benchmarks are 
impressive, showing the significant  
benefits SSDs provide to workloads run 
with ANSYS structural mechanics software. 

Performance – Time to Solution

Figure 1 shows measurement averages 
of the different SATA SSDs and the single 
measurement of the SATA HDD for each 
test workload. (The PCIe SSD tests are 
summarized in the sidebar, Which  
Interface: PCIe or SATA? on page 8.)

Another interesting view of the data 
is the speedup offered by SSDs over 
the range of scaling compared to the 
hard disk. Table 3 lists the SSD and HDD 
speedup as the workstation is scaled up. 
SSD speedup is as much as 7.3X faster 
over HDD with all 16 cores on SP-5.

Productivity – Jobs per Day

Performance should translate to produc-
tivity, and indeed it does as shown in 
Figure 2. Here, the averages are grouped 
by the workloads, showing the impact 
SSDs can have across core counts on daily 
productivity for particular types of jobs 
being done. Again, the shades and 
patterns differentiate between SSD 
averages and HDD measurement, while 
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Figure 1 . Summary of Results: Time to Solution.

For each of the workloads, performance 
scales well with SSDs, indicating the  
ability of SSDs to service the I/O  
demands, while the HDD scaling falls  
off. HDD performance begins to degrade 
as more requests are made to the HDD; 
the spinning disk simply cannot keep pace. 
Note that with the SP-6 workload, where 
a significant amount of I/O is required 
because the job is run out-of-core,  
scaling is actually negative with the  
HDD. Performance degrades from one  
to two cores, and continues to fall off  
as cores increase.

 SHORTER IS FASTER.

SSD IS 7.3X FASTER THAN HDD
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the shade identifies the core count. What 
is apparent is the relative increase in 
productivity provided by SSDs as the 
workstation is scaled up. On the heaviest 
workload, CG-2, SSDs return an approxi-
mate fivefold increase in jobs per day from 
one core to 16 cores (i.e., more cores = 
higher productivity), while the HDD begins 
to improve, but then drops off. The 
medium-sized SP-3 workload improves 
about 6X with SSDs. 

It’s easy to see the return on investment 
in a workstation when SSDs are added to 
the configuration. With the in-core work-
loads, best case productivity improvement 
(with the same core count) of SSD to HDD 
is 7.3X with the SP-5 workload, while the 

SP-6 workload improvement, with all of 
its disk accesses, is 6X. Workloads will 
vary across and within organizations, but 
those jobs that cannot be done entirely in 
memory can run significantly faster when 
SSDs are in the system.

The value to the organization can be 
easily extrapolated, even considering the 
higher cost of SSDs over HDDs. When one 
takes into account the burdened rate of 
an engineer accomplishing as much as six 
times more work in the same period, and 
possibly delivering a product much faster 
to market, the potential returns to the 
company’s bottom line become obvious 
and significant.

WORKLOAD
1 CORE 2 CORES 4 CORES 8 CORES 16 CORES

SSD HDD SSD HDD SSD HDD SSD HDD SSD HDD

CG-2 1.0 1.0 1.7 1.6 2.5 2.0 3.7 2.0 4.3 1.7

SP-3 1.0 1.0 1.8 1.7 3.1 2.1 4.7 2.0 5.7 2.0

SP-5 1.0 1.0 1.6 1.4 2.0 1.3 3.2 1.1 4.4 0.6

SP-6 1.0 1.0 1.5 0.9 2.5 0.8 3.6 0.8 4.2 0.7

Table 3 . Performance Speedup for SATA SSD & HDD.

Figure 2 . Summary of Results: Productivity.

With a maximum SSD to HDD speedup and 
productivity of 7.3X, it’s clear from these 
benchmarks that SSDs have a significant 
benefit in simulation and analysis on AN-
SYS structural mechanical software.
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DETAILS: SATA PERFORMANCE
The detailed results of the benchmarks 
provide more information regarding the 
different storage configurations. Figure 3 
shows the performance (seconds) for each 
of the SATA SSD configurations and the 
HDD as the workstation is scaled up. 

Clearly the HDD doesn’t scale well com-
pared to SSDs—even compared to a single 
SSD. As pointed out earlier, the spinning 
disk cannot service the requests from 
the increasing number of cores as fast as 
the solid-state drives. But, also interest-
ing to note is the very slight variability in 
performance among the different number 
of SSDs across the job types when using 

RAID0. With HDDs, RAID0 typically offers 
a noticeable performance benefit: more 
disks usually boost I/O performance. But 
with SSDs this does not seem to be the 
case. The SSDs appear to be fast enough 
to service requests without RAID0 
striping, although a slight performance 
improvement can be seen.

DETAILS: PRODUCTIVITY
Performance translates to productivity as 
shown in Figure 4. SSDs deliver a 4X to 5X 
increase in jobs per day as the worksta-
tion scales up. Productivity with the HDD 
improves slightly with more cores—to a 
point. At 16 cores, productivity begins 

to fall off using an HDD. Nevertheless, 
SSDs improve productivity by a significant 
amount compared to the HDD.

Here, the value of RAID0 can be clearly seen 
in the increase of jobs per day for some jobs 
when the SSDs are striped. As pointed  
out earlier, such increases could offer a 
significant benefit in faster time to market 
against the extra cost of adding SSDs and a 
controller in a RAID0 configuration. 

Benefits and Costs 

Large SSDs are a considerable expense 
compared to traditional HDDs, even 
enterprise-class HDDs. Yet, comparing the 
cost of the storage devices used in the 

Figure 3 . Time to Solution for Four ANSYS Workloads.
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B. Sparse Solver (SP-3), No Contact, In-Core

SATA Interface: 4X SSD (3 Gb/s) RAID0 2X SSD (3 Gb/s) RAID0 1X SSD (6 Gb/s) HDD (6 Gb/s)

# CORES
MEMORY

1
15.2 GB 17.6 GB 18.8 GB 20.7 GB 24.9 GB

2 4 8 16

EL
A

PS
ED

 T
IM

E 
(S

EC
O

N
DS

)

4500

4000

3500

3000

2500

2000

1500

1000

500

0

# CORES
MEMORY

1
29 GB 47.8 GB 33 GB 35.6 GB 40.8 GB

2 4 8 16

EL
A

PS
ED

 T
IM

E 
(S

EC
O

N
DS

)

1800

1600

1400

1200

1000

800

600

400

200

0

# CORES
MEMORY

1
10.4 GB 11.9 GB 13.5 GB 16.5 GB 17.9 GB

2 4 8 16

EL
A

PS
ED

 T
IM

E 
(S

EC
O

N
DS

)

900

800

700

600

500

400

300

200

100

0

# CORES
MEMORY

1
10.2 GB 13.5 GB

34.4 GB
16 GB 21.9 GB

2 4 8 16

EL
A

PS
ED

 T
IM

E 
(S

EC
O

N
DS

)

6000

5000

4000

3000

2000

1000

0

A. Conjugate Gradient (CG-2), In-Core

 SHORTER IS BETTER ON ALL.

6

Intel® Solid-State Drives Increase  
Productivity of Product Design and Simulation



benchmarks reveals the benefits discov-
ered above far outweigh these cost dif-
ferences. For the purposes of this paper, 
we considered prices from a major online 
retailer for Intel SSD S3700 Series 400 
GB, Intel SSD 910 Series 400 GB and two 
different Seagate 1TB enterprise-class 
HDDs. Since the HDDs were significantly 
different on their prices, we averaged the 
two prices for comparison purposes. Table 
4 shows the costs considered.

With an average 7.3X performance/pro-
ductivity improvement of SATA SSDs over 
the HDD at a cost of 5.6X investment, it’s 
easy to see the potential value of SSDs 
for these kinds of workloads. The Benefit: 
Cost is 1.3X performance/productivity to 

Figure 4 . Productivity for Four ANSYS Workloads.

A. Conjugate Gradient (CG-2), In-Core

C. Sparse Solver (SP-5), With Contact, In-Core D. Sparse Solver (SP-6), Out-of-Core

B. Sparse Solver (SP-3), No Contact, In-Core
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the difference in investment. How this 
translates into actual return on invest-
ment (RoI) to a company depends on the 
potential sales, net income, and company 
valuation from early delivery to market of 
new and innovative designs.

DEVICE PRICE PRICE 
RATIO RETAILER LINK

Intel® SSD S3700 Series 1,099.99 5.6X (HDD)
http://www.newegg.com/Product/
Product.aspx?Item=N82E16820167141

Intel® SSD 910 Series 1,999.99 1.8X (SSD)
http://www.newegg.com/Product/
Product.aspx?Item=N82E16820167125

Average Price of HDDs 194.99

Seagate Constellation 2
http://www.newegg.com/Product/
Product.aspx?Item=N82E16822148710

Seagate Constellation ES
http://www.newegg.com/Product/
Product.aspx?Item=N82E16822148784

Table 4 . Price Comparisons for Storage Devices.

TALLER IS BETTER ON ALL.
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SATA 3 GB/S OR SATA 6 GB/S? 
Can adding SSDs to an older workstation 
using 3 Gb/s SATA offer a clear benefit? 
Or, would a SATA III upgrade be required to 
achieve the performance improvements 
described in the benchmarks? ANSYS 
engineers compared the impact of SATA 
II (3 Gb/s) to SATA III (6 Gb/s) on SSD 
performance. 

Table 5 shows the results for performance 
and productivity benchmarks using SP-5 
run in-core and SP-6 run out-of-core. SATA 
III does offer some performance benefit 
for the workloads over SATA II. And, it 
boosts performance slightly more in the 
out-of-core benchmark than the in-core 
test. An important indicator is that while 
SSDs are significantly faster than HDDs, 
they do not create contention in the 
interface. They are still a very good addi-
tion to existing workstations that might 
only have SATA II interfaces available. 
However, new workstations should be 
configured with SATA III, the current state 
of the technology.

Table 5. SATA 3 Gbps vs SATA 6 Gbps on SP-5 and SP-6 Workloads.

Elapsed Time (secs) Productivity (jobs/day)

SP5 in-core SP6 out-of-core SP5 in-core SP6 out-of-core

1 CORE

3 Gbps 976 2014 89 43

6 Gbps 981 1922 88 45

2 CORES

3 Gbps 597 1289 145 67

6 Gbps 599 1212 144 71

4 CORES

3 Gbps 481 781 180 111

6 Gbps 472 769 185 112

8 CORES

3 Gbps 287 514 301 168

6 Gbps 285 472 302 183

16 CORES

3 Gbps 206 416 419 208

6 Gbps 195 376 443 230
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WHICH INTERFACE: PCIE* OR SATA?
Intel® SSDs are available as plug-in boards 
on the PCIe* bus or as drives using a SATA 
3 Gb/s or SATA 6 Gb/s interface. The costs 
between the two types of devices are 
significant. Whether or not the investment 
is worth it is an individual consideration 
and requires considering how much value 
an organization places on the improved 
performance and productivity. 

Performance

ANSYS benchmarked Intel SSD 910 Series 
storage cards on the same workstation 
that was used for the SATA benchmarks. 
Table 6 shows the data comparing the 
PCIe to the SATA configurations for SP-6, 

Table 6 . Intel® SSD 910 Series vs Intel® SSD 3700 Series on SP-6 Workload.

HARDWARE INTEL® SSD 910 SERIES INTEL® SSD 3700 SERIES
Storage Configuration 4X PCIe RAID0 2X PCIe* 

RAID0
1 PCIe RAID0 .5 PCIe 4X SSD 3 Gbps 

RAID0
2X SSD 3 Gbps 
RAID0

1X SSD 6 Gbps

Elapsed Time (secs)
1 core 1891 1921 1973 2097 2014 2093 2134
2 cores 1193 1215 1278 1398 1289 1371 1386
4 cores 748 755 813 886 781 847 888
8 cores 458 483 534 646 514 589 631
16 cores 367 392 454 651 416 527 552

Productivity (jobs/day)
1 core 46 45 44 41 43 41 40
2 cores 72 71 68 62 67 63 62
4 cores 116 114 106 98 111 102 97
8 cores 189 179 162 134 168 147 137
16 cores 235 220 190 133 208 164 157

the benchmark run out-of-core. The heavy 
I/O to storage offers a good exercise and 
example of how the two SSDs perform.

The PCIe cards outperform by vary-
ing margins. For example, with only a 
single core, the quad PCIe card improves 
performance by a modest 6 percent over 
four SATA drives, while with 16 cores, the 
same comparison is 11 percent faster. 

Also important is the variability with the 
number of drives in RAID0. As seen with 
the SATA tests, the variability, while slight, 
does reflect an improvement in productiv-
ity seen below. (Note that RAID0 on the 
Intel SSD 910 Series cards can be created 
by partitioning NAND modules of different 

sizes, which is why we see RAID0 with a 
single card partitioned into two separate 
storage points.) 

Productivity

Intel SSD 910 Series cards do improve 
productivity over SATA SSDs, as shown in 
the number of jobs per day in Table 6.  
As with performance, productivity varies. 
With a single core, four PCIe cards provide 
just under 1.07X speedup, while the same 
comparison at 16 cores returns nearly 
1.12X. A 12 percent faster simulation could 
mean significant benefits in time to market 
for some companies, making the additional 
expense well worth the investment. 
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www.ansys.com 

Solid-State Computing Starts with Intel Inside .®  
For more information, visit www.intel.com/go/ssd

CONCLUSIONS
Intel SSD DC 3700 Series clearly deliver 
greater performance on ANSYS solvers 
over traditional spinning hard drives. With 
average SSD performance and productiv-
ity improvements of up to 7.3X over an 
HDD, the value and return on investment 
of SSDs is significant in simulation and 
analysis software. Considering the cost  
of SSD to HDD is 5.6X, the benefit far 
exceeds the investment to achieve the 
level of improvement.

PCIe-based Intel SSD 910 Series offers  
a slight performance and productivity 
benefit over Intel SSD DC 3700 Series 
devices. Whether or not the 1.8X extra 
cost of the PCIe devices (over SATA SSDs) 
is worth the expense is an individual 
determination for a company. The 
availability of PCIe slots and 2.5-inch hard 
drive bays available in a workstation can 
also drive the choice of SSD interface 
(PCIe versus SATA). However, it is obvious 
the benefit solid-state storage offers over 
spinning drives. 

While the 6 Gb/s SATA III interface delivers 
a slight performance advantage over 3 
Gb/s SATA III, Intel SSD DC 3700 Series 
drives offer significant value in older 
workstations with only a SATA II interface. 

The slowest component in any worksta-
tion is typically the spinning hard drive. 
Intel SSD DC 3700 Series and Intel SSD 
910 Series with ANSYS structural 
mechanical software deliver higher 
performance and productivity over 
spinning hard drives, enabling new levels 
of innovation and development with 
potentially faster times to market for 
companies using simulation and analysis  
in their development processes. 

Intel® Solid-State Drives Increase  
Productivity of Product Design and Simulation
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