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1 Setup Information

Tested Device:

» Model Number: INTEL SSDSC2KG960G7

* Serial Number: PHYM723400D6960CGN

* Firmware Revision: SCV10014

* Media Serial Num:

* Media Manufacturer:

« device size with M = 1000*1000: 960197 MBytes (960 GB)
« write-caching = 1 (on)

Used command line:

« Jusr/bin/tkperf ssd InteIDCS4600-960GB /dev/sda -nj 2 -iod 16 -rfb
Performance System:

« TKperf Version: 2.1

* Fio Version: fio-2.2.10

* Date of test run: 2017-10-12

* Number of jobs: 2

« Number of outstanding IOs (iodepth): 16
Operating System:

« Kernel Version: 4.4.0-97-generic

* Description: Ubuntu 16.04 LTS

2 General Information

» workloads: The percentage of read operations in the random mixed workload. In the plots the term
"100/00" means 100% read and 0% write, "95/5" 95% read and 5% write, and so on.

* block sizes: The block size of Fio to be used for IO operations.
» measurement window: Those rounds, where the dependence variable became stable.

» dependence variable: A specific type of test variable to determine the steady state.

2.1 Steady State

The Steady State is to determine if a test has reached a steady performance level. Each test has a
different dependence variable to check if the state has already been reached. To check for the steady
state the performance values of a test measurement window are taken (the last 5 rounds). The steady
state is reached if:

» The maximum data excursion is less than 20% of the average in the measurement window.

» The slope of the linear best fit line is less than 10% of the average in the measurement window

If these two conditions are met the steady state has been reach for the specific dependence variable.
Therefore the test can be stopped and the performance values of the measurement window can be taken
for the measurement plots. If the steady state has not been reached after a maximum number of rounds
the test can be stopped as well. The numbers for these two variables are:
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* Measurement Window: 4

* Max. number of rounds: 25

3 IOPS

The IOPS test consists of looping over the following parameters:

Make Secure Erase
Wor kl oad I nd. Preconditioning
Wil e not Steady State
For workl oads [100, 95, 65, 50, 35, 5, 0]
For bl ock sizes ['1024k', '128k', '64k', '32k', '1e6k', '8k', '4k', '512'

Each combination of workload and block size is carried out for 60 seconds using direct 10. The average
number of read and write IOPS is measured and summed up, therefore 56 values are the result of the two
loops. After these loops are finished one test round has been carried out. To detect the steady state the
IOPS of 4k random write are taken.

» Dependent Variable: 4k block size, random write

3.1 Steady State Information

Steady State has been reached:

e True
Steady State has been reached in rounds :

« deque([1, 2, 3, 4, 5])
Values in stdy measurement window:

« deque([60546, 60013, 62932, 61774, 61061))
Average in stdy measurement window:

* 61265

3.2 Measurement Plots
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I0PS Steady State Convergence Plot
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The Steady State Convergence Plot shows the reached IOPS for all block sizes of
random writes over all rounds.

IOPS Steady State Verification Plot
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The Steady State Verification Plot shows the measured IOPS of 4k random writes, the
20% average window and the slope of the linear best fit line in the measurement
window.
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IOPS Measurement Plot
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The Measurement Plot shows the average of IOPS in the measurement window. For
every workload the IOPS of all block sizes are plotted.

I0PS 3D Measurement Plot
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The Measurement 3D Plot shows the average of IOPS in the measurement window.
For every workload the IOPS of all block sizes are plotted.

3.3 Measurement Window Summary Table
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Average IOPS vs. Block Size and R/W Mix %

Block Size wid. -

! 100/0 95/5 65/35 50/50 35/65 5/95 0/100
512 80532.6 74927.0 60760.2 57696.4 55877.2 56019.2 57542.0
4k 80928.6 77497.2 66664.6 62314.0 60703.4 60581.8 61265.2
8k 46198.6 45111.4 42267.8 42166.4 40700.6 41827.2 41829.4
16k 25422.0 25858.6 25359.4 24916.2 24519.8 24495.8 25494.6
32k 10539.8 10944.6 11464.8 12170.6 12348.0 13107.8 13850.4
64k 7139.2 6724.8 6172.8 6530.0 6250.4 6765.2 7270.8
128k 3479.2 3316.6 3003.0 3063.0 3056.8 3474.4 3783.0
1024k 513.2 489.0 425.0 411.2 421.4 465.6 485.2

4 Throughput

The throughput test consists of looping over the following parameters:

For bl ock sizes ['1024k', '64k', '8k', '4k',
Make Secure Erase
Wil e not Steady State
Sequenti al read
Sequential wite

'512' ]

For each block size sequential read and write is carried out for 60 seconds using direct 10. The number of
kilobytes for read and write is measured, therefore 2 values are the result of one round. To detect the
steady state the throughput of 1024k sequential write is taken.

» Dependent Variable: 1024k block size, sequential write

4.1 Steady State Information

Steady State has been reached:

e True
Steady State has been reached in rounds :

« deque([0, 1, 2, 3, 4])
Values in stdy measurement window:

 deque([494806, 498438, 499426, 499299, 495838])
Average in stdy measurement window:

* 497561

4.2 Measurement Plots
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TP R/W Steady State Convergence Plot
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The Read/Write Steady State Convergence Plot shows the bandwidth for all block sizes
of seq. reads over all rounds. On the top the write throughput is plotted, below the
throughput for read.

TP Steady State Verification Plot
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The Steady State Verification Plot shows the bandwidth of 1024k seq. writes, the 20%
average window and the slope of the linear best fit line in the measurement window.
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TP Measurement Plot
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The Measurement Plot shows the average bandwidth of reads and writes in the
measurement window. For all block sizes the seq. read and write bandwidth is plotted.

4.3 Measurement Window Summary Table

Average MB/s vs. Block Size and R/W

Block Size | Read Write
1024k 485.027 485.9
64k 472.801 365.339
8k 374.793 140.159
4k 311.848 158.834
512 32.966 39.934
5 Latency

The latency test consists of looping over the following parameters:

Make Secure Erase
Wor kl oad I nd. Preconditioning
Wil e not Steady State
For workl oads [100, 65, O]
For bl ock sizes ['8k', '4k', '512']

For all block sizes random read, a 65/35 read/write mixed workload and random write is carried out for 60
seconds using direct 10. For every combination the Min, Max and Mean Latency is measured. After these
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loops are finished one test round has been carried out. To detect the steady state the mean latency of 4k
random write is taken.

» Dependent Variable: 4k block size, random write mean latency

5.1 Steady State Information

Steady State has been reached:

e True
Steady State has been reached in rounds :

« deque([0, 1, 2, 3, 4])
Values in stdy measurement window:

 deque([59.369444, 54.656462, 56.09315, 55.853424, 57.411154])
Average in stdy measurement window:

* 56.6767268

5.2 Measurement Plots

LAT Steady State Convergence Plot
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The Steady State Convergence Plot shows the mean latency for all block sizes of
random read, mixed workload and write.
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LAT Steady State Verification Plot
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The Steady State Verification Plot shows the mean latency of 4k random writes, the
20% average window and the slope of the linear best fit line in the measurement
window.

LAT 3D Measurement Plot
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The Latency Measurement 3D Plot shows the average latency on top and the max
latency below it. For the measurement window every workload including all block sizes
is plotted.
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5.3 Measurement Window Summary Table

Average Latency (ms) vs. Block Size and R/W Mix %

Block Size | wid. - 0/100 65/35 100/0
8k 0.064 0.144 0.158
4k 0.057 0.108 0.126
512 0.054 0.104 0.123

Max Latency (ms) vs. Block Size and R/W Mix %

Block Size | wid. - 0/100 65/35 100/0
8k 3.162 3.129 411
4k 1.027 3.329 3.825
512 3.925 3.09 3.934

6 Write Saturation

The write saturation test consists of looping over the following parameters:

Make Secure Erase

Wiile not witten 4x User Capacity or 24h

Carry out randomwite, 4k block size for 1 ninute.

For 4k block size random write is carried out for 60 seconds using direct |1O. For each round (60 second
window) the write IOPS and latencies are measured. Also the total written 10 is measured to check if 4x
capacity has been written.

As no steady state detection is necessary there is no dependence variable.

6.1 Measurement Plots
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Saturation IOPS Plot shows the average IOPS of 4k random writes over all
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The Write Saturation Latency Plot shows the mean latency of 4k random writes over all
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