Mixed Workload Testing Results of Intel Optane SSD 900P and PrimoCache L2 Cache

(Q1T11)

Testing Platform: Intel S2600CW / Intel Xeon CPU E5-2698 v3@2.30GHz x1/ Samsung 16GB DDR4-2133 RDIMM x4 (Total 64GB Memory) / Windows Server 2012 Standard / Intel NVMe driver

Testing Tool: Micros

oft Diskspd v2.0.17

OptaneSSD 900P: Intel Optane SSD 900P 280GB PCI-E HHHL

ST1000NMO0011: Seagate Constellation ES 1TB 3.5" Drive (7200RPM, SATA3, 64MB Cache)

PrimoCache L2: Testing on STL000NMO0011 which is cached by OptaneSSD 900P (supported by PrimoCache 3.0.2)

QxTy: Testing with y

Threads where each thread has a queue depth of x.

% Write: Label for the horizontal axis, representing the percentage of write requests.
SEQ/RND: Sequential/Random

Data Rate (MB/s) -- SEQ 128K IOPS --SEQ 128K Avg. Latency (ms) -- SEQ 128K Avg. CPU Usage (%) --SEQ 128K
2000.0 16000 3.500 04
O
1800.0 - o .
14000 - * S 7S 3.000 4 —h_ 0.3 -
1600.0 - —n g, /A/"- \
12000
1400.0 2.500 0.3
10000 / \
1200.0 2,000 02 AV@'%
1000.0 8000 / \
1.500 0.2
800.0 6000 / \ \ /
600.0
2000 1.000 0.1
400.0
0.500 01
200.0 2000
0.0 e ———————k 0 Ak 0.000 0.0
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—o—OptaneSsD 900P [1849.81819.81790.11758.01734.11706.61677.71650.41629.11603.51588.1 —o—OptaneSsD 900P|14798|14559|14321/14064|13873|13653|13421/13203|13032| 12828/ 12705 —o—OptaneSsD 900P | 0.067|0.068 | 0.069|0.071|0.072|0.073|0.074|0.075|0.076 | 0.077 | 0.078 —o—OptaneSsD900P| 0.2 | 0.2 | 02 | 02 | 02 | 02 | 02 | 02 | 02 | 02 | 02
—m—PrimoCache 12 [1762.51723.21691.41657.01629.41602.21575.01548.21527.31502.71484.1 —m—PrimoCache L2 |14100|13786|13531/13256|13035|12817|12600|12386/12218|12022(11873 —m—PrimoCache L2 |0.070/0.0720.073/0.075|0.076|0.077|0.079 |0.080| 0.081 | 0.083 | 0.084 —m—PrimoCachel2 | 03 | 03 | 03 | 03 |03 | 03| 03| 03| 03| 03| 03
—4—ST1000NMO011 | 120.6| 65.2 | 50.9 | 44.8 | 42.6 | 41.7 | 40.7 | 40.6 | 43.0 | 51.8 |120.7 —4—ST1000NMOO11 | 965 | 522 | 407 | 358 | 340 | 334 | 326 | 324 | 344 | 415 | 966 —4—ST1000NMO011 | 1.034|1.914 | 2.454|2.787|2.934| 2.993|3.066 | 3.078| 2.902 | 2.408 | 1.033 —4—ST1000NM0011 | 0.1 | 01 | 01 | 01 | 01 | 01 | 01 | 00 | 0.0 | 00 | 0.1
Data Rate (MB/s) -- SEQ 512K IOPS --SEQ 512K Avg. Latency (ms) --SEQ 512K Avg. CPU Usage (%) --SEQ 512K
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% Write 0 | 10| 2030 |4 [ 50| 60| 70 | 80 | 90 | 100 % Write 0 | 10| 20 | 30 | 40 [ 50| 60| 70 | 80 | 90 | 100 % Write 0 | 10 203040 [ 50 60| 70| 80| 90 | 100 % Write 0 | 1020|304 [ 50 60| 70 | 80 | 90 | 100
—o—OptaneSSD 900P 2309.12237.92178.02129.22086.52051.12011.81983.81949.61921.11888.1 —e—OptaneSsD 900P| 4618 | 4476 | 4356 | 4258 | 4173 | 4102 | 4024 | 3968 | 3899 | 3842 | 3776 —e—OptaneSsD 900P| 0.216|0.2230.229/0.234|0.239| 0.243|0.248 | 0.251| 0.256 | 0.260 | 0.264 —o—OptaneSsD900P| 0.1 | 01 | 01 | 01 | 01 | 01 | 01 | 01 | 01 | 01 | 0.1
—m—PrimoCache 12 [2187.62133.92081.62038.71994.31957.011919.31885.01853.111819.21786.9 —m—PrimoCache L2 | 4375 | 4268 | 4163 | 4077 | 3989 | 3914 | 3839 | 3770 | 3706 | 3638 | 3574 —m—PrimoCache L2 |0.228/0.2340.240|0.245|0.250| 0.255|0.260 | 0.264| 0.269 | 0.274 | 0.279 —m—PrimoCachel2 | 02 | 02 | 02 | 02 |02 | 02| 02|02 020202
——ST1000NMO0011 |120.3| 94.9 | 79.7 | 71.5 | 66.0 | 63.2 | 62.5 | 64.7 | 71.6 | 86.6 |120.4 —4—ST1000NMO011 | 241 | 190 | 159 | 143 | 132 | 126 | 125 | 129 | 143 | 173 | 241 —#—ST1000NM0011 |4.153[5.268 | 6.271|6.991|7.570|7.906|7.998 | 7.727|6.973 | 5.774 | 4.152 —#—ST1000NM0011 | 0.1 | 01 | 01 | 0.0 | 01 | 0.0 | 0.0 | 00 | 0.0 | 0.0 | 0.1
Data Rate (MB/s) --SEQ 1M IOPS --SEQ 1M Avg. Latency (ms) --SEQ 1M Avg. CPU Usage (%) --SEQ 1M
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—e—OptaneSSD 900P [2343.52288.32239.92195.92152.72120.02083.52053.12018.51985.11963.7 —o—OptaneSSD 900P| 2344 | 2288 | 2240 | 2196 | 2153 | 2120 | 2084 | 2053 | 2018 | 1985 | 1964 —o—OptaneSSD 900P | 0.4260.436 | 0.446| 0.455 | 0.464|0.471|0.479 | 0.486| 0.495 | 0.503 | 0.508 ——0OptaneSSD900P| 0.1 | 01 | 01 | 01 | 01 | 01 | 01 | 01| 01 | 01 | 01
—m—PrimoCache 12 [2247.12191.92142.22097.22051.22014.01979.01941.11910.71875.01848.4 —m—PrimoCache L2 | 2247 | 2192 | 2142 | 2097 | 2051 | 2014 | 1979 | 1941 | 1911 | 1875 | 1848 —m—PrimoCache L2 | 0.4440.455  0.466|0.476|0.487|0.496|0.504 |0.514|0.523|0.532|0.540 —m—PrimoCachel2 | 02 | 02 | 02 | 02 |02 | 02| 02|02 020102
—4—ST1000NMO0011 |121.2| 96.0 | 82.4 | 76.9 | 73.8 | 72.1 | 72.4 | 76.0 | 83.6 | 96.3 |120.1 —A—ST1000NMO0011 | 121 | 96 | 82 | 77 | 74 | 72 | 72 | 76 | 84 | 96 | 120 —#—ST1000NMO011 |8.25010.41112.13812.997/13.54213.85613.792{13.14911.95610.376 8.323 —#—ST1000NM0011 | 0.1 | 0.1 | 01 | 01 | 00 | 0.0 | 0.0 | 00 | 0.0 | 0.0 | 0.0




Data Rate (MB/s) -- RND 4K IOPS -- RND 4K Avg. Latency (ms) -- RND 4K Avg. CPU Usage (%) -- RND 4K
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—4—ST1000NM011 | 0.4 | 0.4 | 04 | 04 | 0.4 | 05 | 05 | 06 | 0.6 | 0.7 | 038 —4—ST1000NM0011 | 108 | 108 | 108 | 112 | 113 | 118 | 131 | 148 | 165 | 187 | 213 —A—ST1000NM0O11 |9.2309.298 | 9.220|8.929 | 8.837|8.494| 7.659| 6.759 | 6.059 | 5.349| 4.696 —4—ST1000NM0011 | 0.0 | 0.0 | 0.0 | 00 | 0.0 | 0.0 | 00 | 00 | 0.0 | 00 | 00
Data Rate (MB/s) -- RND 8K IOPS -- RND 8K Avg. Latency (ms) -- RND 8K Avg. CPU Usage (%) -- RND 8K
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—4—OptaneSsD 900P |585.3|567.9|551.1|541.6 538.6|537.9| 537.2 532.9|520.5 | 512.4| 499.8 —o—OptanessD 900P |74913(72692| 7053969327 |68939|68846| 68765 68210/66624/65587|63975 —e—OptaneSsD 900P | 0.013|0.013|0.014]0.014 0.014|0.014|0.014| 0.014|0.014|0.015| 0.015 —4—OptanessD900P| 0.3 | 0.3 | 04 | 03 | 04 | 03 | 04 | 04 | 04 | 03 | 03
—B—PrimoCache L2 |504.2|511.7/507.1| 499.8|486.8|470.4| 466.9| 467.2 | 468.3 | 467.5  457.2 —m—PrimoCache L2 |64542/65491/64915|63971/62308|60206|59766/59807|59947 59837/ 58526 —@—PrimoCache L2 |0.015/0.0150.015|0.015|0.016 0.016/0.016|0.016 |0.016| 0.016 | 0.017 —@—PrimoCache 2 | 05 | 05 | 0.5 | 05 | 05 | 0.5 | 05 | 05 | 0.4 | 0.4 | 04
—4—ST1000NM0011 | 0.8 | 0.8 | 0.9 | 09 | 09 | 0.9 | 1.0 | 12 | 1.3 | 14 | 17 —4—ST1000NM0011 | 107 | 107 | 109 | 112 | 113 | 116 | 132 | 148 | 165 | 183 | 214 —4—ST1000NM0011 |9.333/9.3199.151|8.921 | 8.867|8.611|7.553|6.755 | 6.076 | 5.466 | 4.664 —4—ST1000NM0011 | 0.0 | 0.0 | 0.0 | 00 | 0.0 | 0.0 | 00 | 0.0 | 0.0 | 0.0 | 00
Data Rate (MB/s) -- RND 32K IOPS -- RND 32K Avg. Latency (ms) -- RND 32K Avg. CPU Usage (%) -- RND 32K
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—o—OptaneSSD 900P [1286.41300.11289.71268.31235.31191.01169.21146.51127.61103.51084.3 —o—OptanessD 900P 41163|41603|41271/40586/39530|38113|37414 36687|36083(35313|34698 —o—OptaneSsD 900P | 0.024/0.023|0.024]0.024 0.0250.026|0.026| 0.027|0.027 | 0.028| 0.028 —4—OptanessD900P| 0.3 | 0.2 | 02 | 02 | 02 | 02 | 03 | 02 | 02 | 02 | 02
—B—PrimoCache L2 [1137.21131.41127.11123.11114.91107.41095.81079.91062.01023.71005.9 —m—PrimoCache L2 |36392|36205 36067|35938|35678|35435|35064|34556(33984 32757|32190 —@—PrimoCache L2 |0.027|0.0270.027|0.027|0.027 | 0.028| 0.0280.0280.029/ 0.030 | 0.030 —@—PrimoCache 2 | 03 | 03 | 04 | 03 | 03 | 03| 03 | 03 | 03| 03 | 03
—4—ST1000NMO011 | 3.3 | 33 | 33 | 3.4 | 34 | 37 | 41 | 44 | 48 | 56 | 65 —4—ST1000NM0011 | 104 | 105 | 106 | 108 | 110 | 117 | 131 | 142 | 154 | 178 | 207 —A—ST1000NM0011 |9.603|9.484|9.448(9.229 9.1208.548| 7.627| 7.035 |6.472 | 5.616 | 4.821 —4—ST1000NM0011 | 0.0 | 0.0 | 0.0 | 00 | 0.0 | 0.0 | 00 | 00 | 0.0 | 00 | 00
Data Rate (MB/s) -- RND 128K IOPS -- RND 128K Avg. Latency (ms) -- RND 128K Avg. CPU Usage (%) -- RND 128K
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% Write 0 |10 | 20| 30 |40 |50 | 60 | 70 | 80 | 90 | 100 % Write 0 | 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 % Write 0 |10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 % Write 0o [ 102030 [4 [ 5060 [ 70 80 | 90 [100
—o—OptaneSSD 900P [1847.41815.81788.61764.11733.81711.91685.11662.31636.61611.81595.4 —o—OptaneSsD 900P | 14779|1452714309|14113|13870|13695|13481/13299/13092 12894/ 12763 —o—OptaneSsD 900P | 0.067 0.068 | 0.069|0.070|0.071|0.072| 0.073/0.074|0.076| 0.077 | 0.078 —o—OptaneSSD900P| 02 | 0.2 | 02 | 02 | 02 | 02 | 02 | 02 | 01| 02 | 02
—m—PrimoCache L2 [1723.91697.91674.51652.91624.01601.51576.51555.11534.31516.51497.1 —m—PrimoCache L2 |13791/1358313396(13223(12992(12812(12612(12441(12274/12132/11977 —m—PrimoCache L2 |0.072/0.073/0.074|0.075|0.076 0.077|0.078|0.080|0.081| 0.082  0.083 —@—PrimoCache 2 | 03 | 03 | 02 | 02 | 02 | 02| 02 | 03 | 02| 02 | 02
—4—ST1000NM0011 | 12.1 | 12.1 | 12.1 | 123 | 126 | 13.2 | 143 | 151 | 16.0 | 18.1 | 21.7 —4—ST1000NMO011 | 96 | 97 | 97 | 99 | 101 | 106 | 114 | 120 | 128 | 145 | 174 —A—ST1000NM0O11 [10.37010.33810.31310.138 9.8869.468 | 8.733 | 8.301|7.648 | 6.876 | 5.746 —4—ST1000NM0011 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 00 | 0.0 | 0.0 | 0.0 | 00




