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PCIe SSD Card 15Krpm SAS HDD SSD Disk 24 disks FC Array 

Usable Capacity 3200 GB 600 GB 800 GB 14,400 GB 

Stable Read IOPS (4KB) 800,000 700 75,000 15,000 

Max. Bandwidth 3100MB/s 200MB/s 500MB/s 1,500MB/s 

Max. Power Consumption (W) 22 9 8 350 

Avg. Latency 10~100 µs 10~100 ms 0.1~1ms 1~10ms 

IOPS/W 36363 78 9,375 43 

800,000 

700 
75,000 

15,000 

PCIe SSD Card 15Krpm SAS  HDD  SSD Disk 24 disks FC Array  

4KB Read IOPS Performance  

78 

9,375 

43 

PCIe SSD Card 15Krpm SAS  HDD  SSD Disk 24 disks FC Array  

Performance/Power Comparison (IOPS/W)  

4KB  IOPS ּךּף  PCIe SSD ṇ  1000  SAS HDD  

ṇ נּ ךּ  

β DDR4-2400 ḭ19.2GB/s 
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CentOS7.2  
MySQL5.7( innodb ḭIO Direct ḭinnodb_buffer_pool_size =0)  
tpcc -mysql  
 
SATA SSD(RAID1) ES3600P V3(RAID1)  
 

ṇ (tpcc -mysql  stock ṇ ) 

ṇ  
 
TABLE_SCH
EMA  

 
TABLE_
NAME   TABLE_TYPE   ENGINE   VERSION   ROW_FORMAT  

 
TABLE_RO
WS  

 
AVG_ROW_
LENGTH   DATA_LENGTH  

 
MAX_DATA_L
ENGTH   INDEX_LENGTH   DATA_FREE  

 tpcc           stock       BASE TABLE   InnoDB  10  Dynamic     46986488 349 16434331648 0 962592768 5242880 

 
 explain select s_dist_01 from stock; 

 id  
 
select_type   table   partitions   type   possible_keys   key    key_len   ref    rows       filtered   Extra  

1  SIMPLE        stock   NULL         ALL    NULL            NULL   NULL      NULL  46986488 100  NULL   

ṇ 5 ṇ 15G ṇ ︡ ḮḮ 
ẑMySQL  
 



Page 20 

MySQL  
V  

 Status                 Duration    CPU_user   

 
CPU_syste
m   Block_ops_in  

 
Block_
ops_o
ut  

 
Page_fa
ults_ma
jor  

 
Page_fa
ults_mi
nor  

 
Sw
aps  

 starting              0.000071 0.00006 0.000009 0 0 0 0 0 
 checking 
permissions  0.000009 0.000007 0.000001 0 0 0 0 0 
 Opening tables        0.000058 0.000051 0.000008 0 0 0 5 0 
 init                  0.000027 0.000023 0.000003 0 0 0 1 0 
 System lock           0.000022 0.000019 0.000003 0 0 0 1 0 
 optimizing            0.000005 0.000005 0.000001 0 0 0 0 0 
 statistics            0.000016 0.000013 0.000002 0 0 0 0 0 
 preparing             0.000014 0.000012 0.000002 0 0 0 0 0 
 executing             0.000003 0.000003 0 0 0 0 0 0 

 Sending 
data          

38.0983 38.714461 5.813429 33367616 0 0 384 0 

 end                   0.000019 0.000011 0.000002 0 0 0 5 0 
 query end             0.000013 0.000011 0.000002 0 0 0 4 0 
 closing tables        0.000018 0.000017 0.000002 0 0 0 8 0 
 freeing items         0.000016 0.000013 0.000002 0 0 0 1 0 
 cleaning up           0.002278 0.000203 0.002081 0 0 0 13 0 

ES3600P V3 RAID1 וֹףּ  

 Status                 Duration    CPU_user    CPU_system   Block_ops_in  

 
Block_
ops_o
ut  

 
Page_fa
ults_ma
jor  

 
Page_fa
ults_mi
nor  

 
Swa
ps  

 starting              0.000046 0.000037 0.000007 0 0 0 0 0 
 checking 
permissions  0.000005 0.000004 0 0 0 0 0 0 
 Opening tables       0.000021 0.000017 0.000003 0 0 0 3 0 
 init                  0.000012 0.00001 0.000002 0 0 0 0 0 
 System lock           0.00001 0.000008 0.000002 0 0 0 1 0 
 optimizing            0.000003 0.000002 0 0 0 0 0 0 
 statistics            0.000008 0.000008 0.000001 0 0 0 0 0 
 preparing             0.000007 0.000005 0.000001 0 0 0 0 0 
 executing             0.000002 0.000002 0.000001 0 0 0 0 0 

 Sending data         51.949 44.303258 9.119838 33367616 0 0 738 0 

 end                   0.000023 0.000015 0.000003 0 0 0 5 0 
 query end             0.000014 0.000011 0.000002 0 0 0 4 0 
 closing tables        0.000022 0.000019 0.000004 0 0 0 8 0 
 freeing items         0.000018 0.000015 0.000003 0 0 0 1 0 
 cleaning up           0.000039 0 0.000883 0 0 0 11 0 

 
Sending Data  ḭצּ

51.949043s Ҧ 38.098275s  

SATA SSD RAID1 וֹףּ  
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SSD 
tpcC ṇ  
 
<Raw Results>  
  [0] sc:0 lt:9629  rt:0  fl:0 avg_rt : 608.1 (5)  
  [1] sc:0 lt:9609  rt:0  fl:0 avg_rt : 145.9 (5)  
  [2] sc:0 lt:960  rt:0  fl:0 avg_rt : 83.0 (5)  
  [3] sc:0 lt:928  rt:0  fl:0 avg_rt : 11116.7 (80)  
  [4] sc:0 lt:963  rt:0  fl:0 avg_rt : 714.9 (20)  
 in 300 sec.  
 
<Raw Results2(sum ver.)>  
  [0] sc:0  lt:9629  rt:0  fl:0  
  [1] sc:0  lt:9609  rt:0  fl:0  
  [2] sc:0  lt:960  rt:0  fl:0  
  [3] sc:0  lt:928  rt:0  fl:0  
  [4] sc:0  lt:963  rt:0  fl:0  
 
<Constraint Check> (all must be [OK])  
 [transaction percentage]  
        Payment: 43.50% (>=43.0%) [OK]  
   Order -Status: 4.35% (>= 4.0%) [OK]  
       Delivery: 4.20% (>= 4.0%) [OK]  
    Stock -Level: 4.36% (>= 4.0%) [OK]  
 [response time (at least 90% passed)]  
      New-Order: 0.00%  [NG] *  
        Payment: 0.00%  [NG] *  
   Order -Status: 0.00%  [NG] *  
       Delivery: 0.00%  [NG] *  
    Stock -Level: 0.00%  [NG] *  
 
< TpmC >  

1925.800 TpmC  

 

PCIe SSD 
tpcC ṇ  
 
<Raw Results>  
  [0] sc:0 lt:20247  rt:0  fl:0 avg_rt : 161.2 (5)  
  [1] sc:0 lt:20230  rt:0  fl:0 avg_rt : 40.3 (5)  
  [2] sc:30 lt:1993  rt:0  fl:0 avg_rt : 24.2 (5)  
  [3] sc:0 lt:2004  rt:0  fl:0 avg_rt : 6835.0 (80)  
  [4] sc:0 lt:2024  rt:0  fl:0 avg_rt : 241.4 (20)  
 in 300 sec.  
 
<Raw Results2(sum ver.)>  
  [0] sc:0  lt:20247  rt:0  fl:0  
  [1] sc:0  lt:20231  rt:0  fl:0  
  [2] sc:30  lt:1993  rt:0  fl:0  
  [3] sc:0  lt:2004  rt:0  fl:0  
  [4] sc:0  lt:2024  rt:0  fl:0  
 
<Constraint Check> (all must be [OK])  
 [transaction percentage]  
        Payment: 43.48% (>=43.0%) [OK]  
   Order -Status: 4.35% (>= 4.0%) [OK]  
       Delivery: 4.31% (>= 4.0%) [OK]  
    Stock -Level: 4.35% (>= 4.0%) [OK]  
 [response time (at least 90% passed)]  
      New-Order: 0.00%  [NG] *  
        Payment: 0.00%  [NG] *  
   Order -Status: 1.48%  [NG] *  
       Delivery: 0.00%  [NG] *  
    Stock -Level: 0.00%  [NG] *  
 
< TpmC >  

4049.400 TpmC  
 

TpmCּצḭ 
1925.800TpmCҦ 4049.400TpmC  
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ẑ  
<Raw Results>  
  [0] sc:0 lt:20247  rt:0  fl:0 avg_rt : 161.2 (5)  
  [1] sc:0 lt:20230  rt:0  fl:0 avg_rt : 40.3 (5)  
  [2] sc:30 lt:1993  rt:0  fl:0 avg_rt : 24.2 (5)  
  [3] sc:0 lt:2004  rt:0  fl:0 avg_rt : 6835.0 (80)  
  [4] sc:0 lt:2024  rt:0  fl:0 avg_rt : 241.4 (20)  
 in 300 sec.  
 
<Raw Results2(sum ver.)>  
  [0] sc:0  lt:20247  rt:0  fl:0  
  [1] sc:0  lt:20231  rt:0  fl:0  
  [2] sc:30  lt:1993  rt:0  fl:0  
  [3] sc:0  lt:2004  rt:0  fl:0  
  [4] sc:0  lt:2024  rt:0  fl:0  
 
<Constraint Check> (all must be [OK])  
 [transaction percentage]  
        Payment: 43.48% (>=43.0%) [OK]  
   Order -Status: 4.35% (>= 4.0%) [OK]  
       Delivery: 4.31% (>= 4.0%) [OK]  
    Stock -Level: 4.35% (>= 4.0%) [OK]  
 [response time (at least 90% passed)]  
      New-Order: 0.00%  [NG] *  
        Payment: 0.00%  [NG] *  
   Order -Status: 1.48%  [NG] *  
       Delivery: 0.00%  [NG] *  
    Stock -Level: 0.00%  [NG] *  
 
< TpmC >  

4049.400 TpmC  

 

PCIe SSD 
ẑ 1  
<Raw Results>  
  [0] sc:0 lt:20247  rt:0  fl:0 avg_rt : 161.2 (5)  
  [1] sc:0 lt:20230  rt:0  fl:0 avg_rt : 40.3 (5)  
  [2] sc:30 lt:1993  rt:0  fl:0 avg_rt : 24.2 (5)  
  [3] sc:0 lt:2004  rt:0  fl:0 avg_rt : 6835.0 (80)  
  [4] sc:0 lt:2024  rt:0  fl:0 avg_rt : 241.4 (20)  
 in 300 sec.  
 
<Raw Results2(sum ver.)>  
  [0] sc:0  lt:20247  rt:0  fl:0  
  [1] sc:0  lt:20231  rt:0  fl:0  
  [2] sc:30  lt:1993  rt:0  fl:0  
  [3] sc:0  lt:2004  rt:0  fl:0  
  [4] sc:0  lt:2024  rt:0  fl:0  
 
<Constraint Check> (all must be [OK])  
 [transaction percentage]  
        Payment: 43.48% (>=43.0%) [OK]  
   Order -Status: 4.35% (>= 4.0%) [OK]  
       Delivery: 4.31% (>= 4.0%) [OK]  
    Stock -Level: 4.35% (>= 4.0%) [OK]  
 [response time (at least 90% passed)]  
      New-Order: 0.00%  [NG] *  
        Payment: 0.00%  [NG] *  
   Order -Status: 1.48%  [NG] *  
       Delivery: 0.00%  [NG] *  
    Stock -Level: 0.00%  [NG] *  
 
< TpmC >  

4090.300 TpmC  

 

PCIe SSD 
ẑ  
<Raw Results>  
  [0] sc:0 lt:20801  rt:0  fl:0 avg_rt : 133.2 (5)  
  [1] sc:0 lt:20789  rt:0  fl:0 avg_rt : 35.0 (5)  
  [2] sc:77 lt:2002  rt:0  fl:0 avg_rt : 20.8 (5)  
  [3] sc:0 lt:2062  rt:0  fl:0 avg_rt : 6954.2 (80)  
  [4] sc:0 lt:2079  rt:0  fl:0 avg_rt : 210.5 (20)  
 in 300 sec.  
 
<Raw Results2(sum ver.)>  
  [0] sc:0  lt:20801  rt:0  fl:0  
  [1] sc:0  lt:20789  rt:0  fl:0  
  [2] sc:77  lt:2002  rt:0  fl:0  
  [3] sc:0  lt:2062  rt:0  fl:0  
  [4] sc:0  lt:2079  rt:0  fl:0  
 
<Constraint Check> (all must be [OK])  
 [transaction percentage]  
        Payment: 43.48% (>=43.0%) [OK]  
   Order -Status: 4.35% (>= 4.0%) [OK]  
       Delivery: 4.31% (>= 4.0%) [OK]  
    Stock -Level: 4.35% (>= 4.0%) [OK]  
 [response time (at least 90% passed)]  
      New-Order: 0.00%  [NG] *  
        Payment: 0.00%  [NG] *  
   Order -Status: 3.70%  [NG] *  
       Delivery: 0.00%  [NG] *  
    Stock -Level: 0.00%  [NG] *  
 
< TpmC >  

4160.200 TpmC  

 
ṇ ︡ 
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ES3x00P V3 

NVMe Drive 

 ṇ     

ES3500P V3 2.5  
PCIe Gen3 4 ṇ  

NVMe SFF8639 

1600GB 

1 DWPD, 5  2000GB 

3200GB 

ES3600P V3 2.5  
PCIe Gen3 4 ṇ  

NVMe SFF8639 

1200GB 

3 DWPD, 5  1600GB 

3200GB 

ES3600C V3 

ṇ  

ṇ  

ṇ  
PCIe Gen3 4 ṇ  

1600GB 

3 DWPD, 5  

3200GB 

MySQL  
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Å MySQL TPMC 7%  

Å SSD       40%  

Double write 

buffer 
Data fileṕ*.ibdṖ 

Pageṕ16KṖ 

Buffer pool 

HDD/SSD 

  

NVMe SSD 

 

Double Write ṇ  

Buffer poolּפ Double write 

Buffer  

Buffer poolּפ Data file

 

ṇ  

AtomicWrite ṇ  

Buffer poolּפ Data file

 

 
OS לּ

NVME ṇ  

Pageṕ16KṖ 

Buffer pool 

Data fileṕ*.ibdṖ 



Page 30 

SR-IOV  

 

 

NVMe  

Guest OS  

 APP 

Guest OS 

 NVMe  

 

 APP 

Guest OS 

 NVMe  

 VF VF VF PF 

RR / WRR 

NVMe  Controller  

        

NAND FLASH ARRAY 

 

 APP 

Guest OS 

 NVMe  

PCIe 
 EP 

 

VMM  

 APP 

 :  

VM I/O  40%  

VM ṇ פּ VMM ︡ ṇ  

128,712 

210,321 

non-SR-IOV SR-IOV 

VM Read IOPS(1VM) 

ES3600 v3 ︡  
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