Standard Testing Results of Intel Optane SSD 900P and PrimoCache L2 Cache
(Random Write)

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: Microsoft 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 STI000NMO0011 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.
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—A—ST1000NMO0011 | 08 | 17 | 33 | 64 | 122 | 21.5 | 335 | 505 | 411 —A—ST1000NM0011 | 216 | 214 | 208 | 206 | 195 | 172 | 134 | 101 | 41 —#—ST1000NMO0011 | 73.865 | 74.909 | 76.742 | 78.056 | 82.110 | 92.856 [119.305/158.457/390.531, —A—ST1000NM0011 | 00 | 01 | 00 | 00 | 00 | 00 | 00 | 00 | 00




Data Rate (MB/S) -- Q4716 IOPS --Q4T16 Avg. Latency (ms) -- Q4T16 Avg. CPU Usage (%) --Q4T16
2500.0 600000 1800.000 20.0
W 1600.000 18.0
500000 f
2000.0 - 1400.000 / 16.0
400000 1200.000 14.0
1500.0 / 12.0
1000.000
300000 / 10.0
800.000
1000.0 1 8.0
200000 \\ 600.000 // 60
400.000 ———&
5000 100000 = 7 e % 4.0
\-\-\h 200.000 20 -
0.0 S y 3 r Y r 3 . A A e A 0 —&—T%& r y = 0.000 +—l——#— —_— 11 0.0 -
Kk | sk | 16K | 32k | 64K | 128K | 256K | 512K | 1M K | sk | 16K | 32k | 64K | 128K | 256K | 512K | 1M 4K | 8K | 16K | 32K | 64K | 128K | 256K | 512K | 1M
—o—OptaneSSD 900P | 2155.1 | 2178.7 | 2185.2| 2176.3| 2174.0| 2168.9 | 2168.5 | 2165.9 | 2165.9 —o—OptaneSsD 900P |551702|278871|139854| 69640 | 34784 | 17351 | 8674 | 4332 | 2166 —o—OptaneSsD 900P | 0.115 | 0.229 | 0.457 | 0.918 | 1.839 | 3.688 | 7.376 |14.774 | 29.549 —o—OptaneSSD900P| 122 | 57 | 25 | 14 | 14 | 07 | 05 | 03 | 04
—B—PrimoCache L2 | 2020.3 | 2157.6 | 2168.6| 2164.4| 2156.0 | 2152.1|2148.7 | 2147.9 | 2145.3 —m—PrimoCache L2 |517191|276173|138789| 69261 | 34496 | 17217 | 8595 | 4296 | 2145 —m—PrimoCache L2 | 0.124 | 0.231 | 0.461 | 0.924 | 1.856 | 3.718 | 7.454 |14.917 | 29.889 —@—PrimoCache 2 | 188 | 88 | 42 | 24 | 16 | 10 | 08 | 06 | 06
—A—ST1000NMO0011 | 0.8 | 17 | 33 | 63 | 117 | 207 | 339 | 49.4 | 400 —A—ST1000NM0011 | 213 | 215 | 213 | 202 | 188 | 166 | 136 | 99 | 40 —A—ST1000NMOO11 [302.398299.640302.5701318.933(343.0601385.674/469.921639.9381587.41 —#—ST1000NM0011 | 00 | 0.0 | 00 | 00 | 00 | 00 | 00 | 00 | 00
Data Rate (MB/s) -- Q16T16 IOPS --Q16T16 Avg. Latency (ms) -- Q16T16 Avg. CPU Usage (%) --Q16T16
2500.0 600000 6000.000 20.0
\ f 18.0
2000.0 —n i i 500000 \\ 5000.000 / 160
400000 4000.000 14.0
1500.0 \ / 12.0
300000 3000.000 10.0
1000.0 \ /1 8.0
200000 \\ 2000.000 / 60
5000 100000 1000.000 A== = = — 40
\\-\lqs 2.0
0.0 +—4 4 4 4 . g 3 T 0 A4 4 4 4 iR} — 0.000 —— E—@—&—&—8—a—f—_f—a 0.0 -
K | sk | 16Kk | 32k | 64K | 128K | 256K | 512Kk | 1M K | sk | 16K | 32k | 64K | 128K | 256K | 512K | 1M 4K | 8K | 16Kk | 32K | 64K | 128K | 256K | 512K | 1M
—e—OptaneSSD 900P | 2162.8 | 2183.6 | 2186.4| 2176.8] 2173.0| 2171.1| 2169.4 | 2180.2| 2166.5 —e—OptaneSSD 900P |553669|279500|139928| 69657 | 34768 | 17369 | 8678 | 4360 | 2167 —4—OptaneSsD 900P | 0.462 | 0.915 | 1.829 | 3.674 | 7.362 | 14.740 | 29.505 | 58.701 |118.176 —4—OptaneSSD900P| 122 | 59 | 26 | 1.5 | 1.5 | 07 | 05 | 05 | 04
—m—PrimoCache L2 | 1873.1|2164.3 | 2175.5| 2164.0| 2155.8 | 2157.7 | 2151.1 | 2149.2 | 2156.4 —m—PrimoCache L2 |479509|277028|139235| 69249 | 34493 | 17262 | 8604 | 4298 | 2156 —m—PrimoCache L2 | 0.534 | 0.924 | 1.838 | 3.697 | 7.420 | 14.831|29.749 | 59.544 [118.716 —@—PrimoCache 2 | 172 | 95 | 49 | 26 | 17 | 12 | 08 | 06 | 07
—4—ST1000NMO011 | 09 | 17 | 33 | 64 | 122 | 215 | 349 | 515 | 418 —A—ST1000NM0011 | 218 | 212 | 212 | 206 | 195 | 172 | 140 | 103 | 42 —4—ST1000NMO0011 1048.532139.599190.814244.753309.239480.153819.152446.108654.626 —4—ST1000NM0011 | 00 | 00 | 00 | 01 | 00 | 00 | 00 | 01 | 00
Data Rate (MB/s) -- Q32T16 IOPS --Q32T16 Avg. Latency (ms) -- Q32T16 Avg. CPU Usage (%) -- Q32T16
2500.0 600000 12000.000 20.0
\ 18.0 1
07—'—.—.—'—l—!—l ] A
5000.0 500000 —\\ 10000.000 / 160 \\
400000 8000.000 14.0 \\
1500.0 \ / 12.0 \
300000 6000.000 10.0 \
1000.0 \ // 8.0
200000 \\ 4000.000 /‘—_‘—__‘/‘/ 6o |
5000 100000 2000.000 4.0
— 2.0
00 4 A A - A A i L A A A =%——ﬂ—+ 0.000 —M——S—— B —— 8 —— 8 —— & ——8— —l_ 0.0 | A——ih
A T 8K | dex | 3ok | eak | 128K | 256K | 512k | 1M aK K | 16k | 32k | eak | 128k | 256K | 512k | 1M aK K | 16Kk | 32k | 64K | 128K | 256K | 512K | 1Mm K | o8k
—o—OptaneSsD 900P | 2162.3 | 2178.9 | 2186.5 | 2178.5| 2173.3 | 2171.4 | 2170.0 | 2168.7 | 2164.6 —o—OptaneSsD 900P |553553|278902|139938| 69713 | 34773 | 17371 | 8680 | 4337 | 2165 —o—OptaneSsD 900P | 0.925 | 1.835 | 3.658 | 7.344 | 14.72129.469 | 58.989 118.032/236.553 —4—OptaneSSD900P| 182 | 59 | 27 | 14 | 15 | 07 | 05 | 04 | 04
—m—PrimoCache L2 | 1905.2| 2170.2 | 2176.6| 2163.7| 2155.9| 2171.1| 2152.2 | 2150.8 | 2153.7 —m—PrimoCache L2 |487719|277785|139305| 69238 | 34495 | 17369 | 8609 | 4302 | 2154 —m—PrimoCache L2 | 1.049 | 1.843 | 3.675 | 7.394 | 14.843|29.479|59.477 [119.021[237.758 —@—PrimoCache (2 | 17.6 | 101 | 57 | 31 | 20 | 13 | 09 | 07 | 07
—A—ST1000NMO0011 | 08 | 17 | 33 | 62 | 119 | 21.2 | 340 | 509 | 413 —A—ST1000NM0011 | 212 | 213 | 210 | 200 | 190 | 169 | 136 | 102 | 41 —#—ST1000NMO0011 [1604.751499.03(2396.76/2477.912620.342956.29/3651.67/4739.70/10189.0 —#—ST1000NM0011 | 00 | 0.0 | 00 | 00 | 00 | 01 | 00 | 01 | 00
Data Rate (MB/s) -- Q64T16 IOPS --Q64T16 Avg. Latency (ms) -- Q64T16 Avg. CPU Usage (%) -- Q64T16
2500.0 600000 18000.000 20.0
0—7—.—.—.—._._._. \ 16000.000 A 18.0 5
500000
2000.0 7 \\ 14000.000 16.0 \\
400000 12000.000 / 14.0 \\
1500.0 / 12.0
10000.000 \
300000 ( 10.0
8000.000 \
1000.0 / 8.0
200000 \\ 6000.000 A_‘—_‘—_‘/‘, 6o |
4000.000
500.0 100000 / 4.0
\I\-\h 2000.000 20
0.0 +—4 7 /< g - A 5 A——a 0 1A% 7 7 7 ———ry 0.000 +———— ——— 0.0 -
Kk | sk | 16K | 32k | 64K | 128K | 256K | 512k | 1M K | sk | 16K | 32k | 64K | 128K | 256K | 512K | 1M 4K | 8K | 16Kk | 32K | 64K | 128K | 256K | 512K | 1M
—o—OptaneSSD 900P | 2163.7 | 2180.9 | 2186.6| 2177.0| 2172.9] 2172.0| 2172.0 | 2166.5 | 2166.1 —o—OptaneSSD 900P |553895|279154|139944| 69665 | 34766 | 17376 | 8688 | 4333 | 2166 —o—OptaneSSD 900P | 1.848 | 3.668 | 7.317 | 14.696 | 29.448 | 58.932 [117.877/236.285472.829 —o—OptaneSSD900P| 163 | 60 | 27 | 14 | 15 | 08 | 05 | 04 | 04
—B—PrimoCache L2 | 1862.9|2172.2|2174.9] 2166.5| 2156.3 | 2152.1| 2151.8 | 2150.7 | 2149.2 —B—PrimoCache L2 |476905|278037|139193| 69327 | 34500 | 17217 | 8607 | 4301 | 2149 —m—PrimoCache L2 | 2.147 | 3.683 | 7.356 | 14.77129.678 | 59.477 [118.948/238.0531476.542 —@—PrimoCache 2 | 172 | 9.8 | 58 | 41 | 24 | 15 | 10 | 07 | 07
—A—ST1000NMO0011 | 09 | 17 | 33 | 64 | 122 | 21.5 | 347 | 512 | 413 —A—ST1000NM0011 | 218 | 214 | 213 | 206 | 196 | 172 | 139 | 102 | 41 ——ST1000NMOO011 [2653.26/4548.254567.33/4705.89/4938.76/5534.65/6672.88/8545.05/15270.9 ~#—ST1000NM0011 | 00 | 00 | 00 | 00 | 00 | 01 | 01 | 00 | 00




Data Rate (MB/s) --Q1T32 IOPS --Qi1T32 Avg. Latency (ms) --Q1T32 Avg. CPU Usage (%) --Q1T32
2500.0 600000 800.000 14.0
.——F—m \ 700.000 12.0 +
2000.0 500000 ‘
600.000 100
400000 500,000 \
1500.0 \ : 80
300000 400.000 0\ \
6.0
1000.0 \ 300.000
200000
\\ 200.000 40 \\\
500.0 ‘_‘__‘_‘__‘/r
100000
100.000 20 —
0.0 A - A - 2 . 3 i 0 +—A—i A A A = 0.000 -++—E——’——,——I——I——Ig 0.0 —A— -\ A A 7 2%
K | 8k | 16K | 32K | 64K | 128K | 256K | 512K | 1Mm aK 8K | 16K | 32K | 64K | 128K | 256K | 512K | 1M K | 8K | 16K | 32Kk | 64K 4K | 8K | 16K | 32k | 64K | 128K | 256K | 512K | 1M
—4—OptaneSsD 900P | 2137.7 | 2157.0 | 2161.4| 2152.5| 2145.1| 2140.9 | 2137.6 | 2135.9 | 2134.5 —o—OptaneSsD 900P |547259| 276096138332 68882 | 34322 | 17127 | 8550 | 4272 | 2134 —4—OptaneSsD 900P | 0.058 | 0.115 | 0.230 | 0.462 | 0.930 —4—OptaneSsD900P| 7.1 | 32 | 1.8 | 20 | 1.0 | 07 | 05 | 04 | 03
—m—PrimoCache L2 | 2143.9|2144.4|2149.3| 2129.8|2128.6 | 2119.3 | 2116.8 | 2111.8 | 2113.3 —m—PrimoCache L2 |548849|274489|137553 68154 | 34058 | 16954 | 8467 | 4224 | 2113 —m—PrimoCache L2 | 0.057 | 0.116 | 0.232 | 0.467 | 0.937 —m—PrimoCache 12 | 11.8 | 48 | 26 | 27 | 14 | 09 | 06 | 05 | 05
—A—ST1000NMO0011 | 09 | 1.7 | 32 | 65 | 122 | 21.2 | 341 | 501 | 42.9 —A—ST1000NM0011 | 219 | 216 | 207 | 208 | 196 | 170 | 136 | 100 | 43 —#—ST1000NMO0011 [146.197/148.250/154.199/154.186(163.300 ——ST1000NM0011 | 00 | 0.0 | 01 | 00 | 00 | 00 | 00 | 00 | 00
Data Rate (MB/s) -- Q4T32 IOPS --Q4T32 Avg. Latency (ms) -- Q4T32 Avg. CPU Usage (%) --Q4T32
2500.0 600000 3500.000 20.0
— 3000.000 1801 ‘
20000 g~ 500000 1 \ ' 16.0
2500.000 \
400000 14.0 \ \
1500.0 \ 2000.000 12.0 \
300000 10.0 \
1000.0 \ 1500.000 8.0 \ X
200000
\\ 1000.000 6.0
500.0 ‘_‘___‘__‘_——‘——"/{ o
100000 500.000
2.0
N N ,
00 4 s A 2 o~ A i 0 —A—i A A A ——__ry 0.000 | W——1— —a——a——— 0.0 -
aK | 8K | 16K | 32K | 64K | 128K | 256K | 512K | 1Mm aK 8K | 16K | 32K | 64K | 128K | 256K | 512K | 1M S R R, T
—e—OptaneSsD 900P | 2161.1| 2176.1|2185.3| 2175.1| 2172.1| 2167.8 | 2171.2 | 2165.0 | 2163.1 —e—OptaneSSD 900P |553241|278538|139858 | 69602 | 34754 | 17342 | 8685 | 4330 | 2163 —e—OptaneSsD 900P | 0.238 | 0.473 | 0.941 | 1.891 | 3.790 —4—OptaneSSD900P| 133 | 63 | 31 | 29 | 1.5 | 08 | 05 | 04 | 04
—m—PrimoCache L2 | 1957.2 | 2158.6 | 2172.5| 2165.5| 2166.0 | 2158.9 | 2150.0 | 2155.3 | 2146.5 —m—PrimoCache L2 |501050|276307|139039| 69296 | 34657 | 17272 | 8600 | 4311 | 2146 —m—PrimoCache L2 | 0.255 | 0.463 | 0.920 | 1.846 | 3.692 —m—PrimoCache 2 | 179 | 97 | 47 | 25 | 17 | 12 | 08 | 06 | 07
—4—ST1000NMO0011 | 0.8 | 17 | 33 | 63 | 11.8 | 21.2 | 345 | 50.1 | 40.3 —4—ST1000NMO0011 | 215 | 218 | 211 | 201 | 189 | 170 | 138 | 100 | 40 —4—ST1000NMO011 |608.770599.888/617.142/648.337690.025 —4—ST1000NMO0011 | 01 | 00 | 00 | 00 | 00 | 00 | 00 | 01 | 00
Data Rate (MB/s) -- Q16T32 IOPS --Q16T32 Avg. Latency (ms) -- Q16T32 Avg. CPU Usage (%) --Q16T32
2500.0 600000 12000.000 20.0
\ 18.0
2000.0 —a i b 500000 \\ 10000.000 160
400000 8000.000 14.0
1500.0 \ 12.0
300000 6000.000 10.0
1000.0 \ 8.0
200000 \\ 4000.000 60
500.0 100000 2000.000 . 4.0
A—A—A/-\A/ 2.0
X N ,
0.0 4 4 A Ay r A ——ah 0 +—A—xk A a A i 0.000 +—M——— ————— 0.0
aK | 8K | 16K | 32K | 64K | 128K | 256K | 512K | 1Mm aK 8K | 16K | 32K | 64K | 128K | 256K | 512K | 1M TR TR T A&
—e—OptaneSSD 900P | 2161.9 | 2177.4 | 2184.6| 2176.0| 2172.7 | 2168.2 | 2168.1 | 2166.1 | 2164.2 —e—OptaneSSD 900P |553441|278705|139815| 69631 | 34763 | 17346 | 8672 | 4332 | 2164 —e—OptaneSSD 900P | 0.952 | 1.890 | 3.769 | 7.566 | 15.160 —e—OptaneSSD900P| 137 | 63 | 32 | 29 | 15 | 07 | 06 | 04 | 04
—m—PrimoCache L2 | 1900.4 | 2178.3 |2173.7| 2163.6| 2153.7 | 2152.5 | 2150.6 | 2147.3 | 2150.6 —m—PrimoCache L2 |486513|278818|139116| 69234 | 34460 | 17220 | 8603 | 4295 | 2151 —m—PrimoCache L2 | 1.055 | 1.845 | 3.689 | 7.396 | 14.858 —m—PrimoCache 2 | 187 | 109 | 61 | 33 | 22 | 14 | 09 | 06 | 07
—A—ST1000NMO0011 | 09 | 1.7 | 33 | 65 | 122 | 21.2 | 344 | 503 | 415 —A—ST1000NM0011 | 220 | 212 | 210 | 208 | 195 | 169 | 137 | 101 | 41 —#—ST1000NMO0011 [1250.32/1163.09/1187.39/2045.16[1272.50 ——ST1000NM0011 | 00 | 0.0 | 00 | 00 | 00 | 00 | 00 | 01 | 00
Data Rate (MB/s) -- Q32T32 IOPS -- Q32732 Avg. Latency (ms) -- Q32732 Avg. CPU Usage (%) -- Q32732
2500.0 600000 18000.000 20.0
0-7—.—.—.—.—.—.—. \ 16000.000 18.0 ‘\
500000
2000.0 - !\ 14000.000 16.0 \
400000 12000.000 14.0 '\ \
1500.0 12.0
10000.000 \ \
300000 10.0
8000.000 \ \
1000.0 \ 8.0 \
200000 \\ 6000.000 A"‘/( 60
4000.000 \
500.0 100000 / 4.0
2000.000 - e 20 ~
0.0 4 2 A A a 5 — 0 AT A A A =i 0.000 -++—E——’—+—-——I—=I——" 0.0 ATt A A A
: ak | sk | 16k | 32k | 64k | 128K | 256K | 512k | 1M aK 8K | 16K | 32K | 64K | 128K | 256K | 512K | 1M : K | 8K | 16K | 32Kk | 64K : K | 8K | 16K | 32K | 64K | 128K | 256K | 512K | 1M
—4—OptaneSsD 900P | 2165.0 | 2179.2 | 2184.2| 2177.9| 2174.5 | 2170.6 | 2168.9 | 2167.2 | 2164.7 —4—OptaneSSD 900P |554239|278943 (139790 69694 | 34792 | 17365 | 8676 | 4334 | 2165 —4—OptaneSsD 900P | 1.901 | 3.778 | 7.538 | 15.12230.298 —4—OptaneSSD900P| 137 | 65 | 32 | 30 | 1.6 | 08 | 06 | 05 | 04
—m—PrimoCache L2 | 1906.3 | 2169.0 | 2174.9| 2163.3| 2156.3 | 2152.9|2149.2 | 2150.9 | 2149.7 —m—PrimoCache L2 |488023|277630|139195| 69224 | 34500 | 17223 | 8597 | 4302 | 2150 —m—PrimoCache L2 | 2.106 | 3.700 | 7.391 | 14.792 | 29.681 —m—PrimoCache 12 | 188 | 109 | 61 | 43 | 26 | 16 | 11 | 08 | 08
—A—ST1000NMO0011 | 08 | 17 | 33 | 64 | 121 | 214 | 348 | 513 | 40.9 —A—ST1000NM0011 | 214 | 217 | 209 | 206 | 194 | 171 | 139 | 103 | 41 —#—ST1000NMO0011 [1510.85/1618.99/1566.81/4710.734968.00 —A—ST1000NMO0011 | 0.0 | 0.0 | 00 | 00 | 00 | 00 | 00 | 01 | 00




Data Rate (MB/s) -- Q64T32 IOPS --Q64T32 Avg. Latency (ms) -- Q64T32 Avg. CPU Usage (%) -- Q64T32
2500.0 600000 20000.000 20.0
\ 18000.000 / 18.0 ﬂ
2000.0 ¢ 7 = = = = = = a 500000 - \\ 16000.000 / 16.0 \
" °
200000 14000.000 / 14.0 \ \
1500.0 \ 12000.000 / 12.0
300000 10000.000 / 10.0
1000.0 \ 8000.000 /_ 8.0
200000 \\ 6000.000 / 6.0
500.0 100000 4000.000 {—# 4.0
2000.000 2.0
N .
0.0 x 2 A - - : — 0 A A 7\ =%——ﬂ—+ 0.000 - ———l— 0.0 +
aK B | 16k | 32k | eax | 128K | 256K | 512K | 1M pr 8 T 1ok | K | eAx | 128K | 256K | siak | am b T T T o T 1ok | 256k | 12k | m
—o—OptaneSsD 900P | 2164.4 | 2181.2 | 2186.7| 2178.9| 2174.9| 2169.9 | 2170.3 | 2166.6 | 2164.9 —o—OptaneSsD 900P |554080|279187|139950 69724 | 34798 | 17359 | 8681 | 4333 | 2165 —4—OptaneSsD 900P | 3.804 | 7.551 | 15.059 | 30.233 | 60.579 [121.426242.696/476.479/935.656 —4—OptaneSSD900P| 140 | 64 | 32 | 30 | 1.5 | 08 | 06 | 05 | 05
—B—PrimoCache L2 | 1892.4|2170.1|2174.5| 2168.0| 2154.2| 2153.8 | 2152.0 | 2151.9 | 2150.4 —m—PrimoCache L2 |484456|277770|139165| 69377 | 34467 | 17231 | 8608 | 4304 | 2150 —m—PrimoCache L2 | 4.234 | 7.396 | 14.788|29.777|59.991 [118.8501237.951/475.938/941.448 —@—PrimoCache 12 | 18.4 | 109 | 62 | 44 | 40 | 23 | 14 | 09 | 09
—A—ST1000NMO0011 | 09 | 17 | 33 | 65 | 122 | 219 | 345 | 51.1 | 39.0 ~A—ST1000NM0011 | 218 | 215 | 213 | 208 | 196 | 175 | 138 | 102 | 39 —A—ST1000NMOO11 [3970.076829.258164.318495.068945.46/9784.27/11527.1/13745.618029.9 —A—ST1000NM0011 | 00 | 01 | 00 | 00 | 00 | 00 | 00 | 00 | 00




