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1. IZLT®IZ
1.1 AEE

OSCA #ffifiit4 OpenStack 23 FF4212 3T, Red Hat £ P46 fH OpenStack &4 A kU Bz —3 3 >
T# % Red Hat Enterprise Linux OpenStack Platform & | [6] U< Red Hat ftDOpgH Ceph 7 4 A b U B = —
v a > T % Red Hat Ceph Storage ZflA &7, 28« A F L —Y I0OPS « A L—7"» MERE
DFFAM 2 F2hE L 72,

1.2 HAY

AFHMIX. OpenStack & Ceph Z A/ bH =D HIW % iHe#t 2452 = & 2 HJ & L. OpenStack
DA AH AL VMELESEE LT Ceph ICL DA ML —VEARINL, 2 FL— IOPS + A
N—T" MEREERFIE LTz,

AREIT EITVERRI RS RAIZ DWW TR LTV 5, ZBhal A - HIW E% EHEEHZ DU T, BT [1]openstack
onCeph IZHB1F 5 A hL—VREHOFEA v b ZBRBWIZEE 720,

2. AERE

ARG CIE, £ 2-1IORTH— A vy —vHE0 43— 13 EHE L. BiE21To7,

#* 2-1 fEHEERT
a4z A3
Dell PowerEdge C6220 CPU : Intel Xeon E5-2620x2
NIC : LOM 1Gbpsx4,
Intel X520 dual port 10Gbps NICx1
OS : RHEL 7.2
App : RHEL-OSP7, Red Hat Ceph Storage 1.3
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K —NOREIOFEMAR Y 7 %
# 2-2 1277,

#* 2-2 Y= &% HEl

# RE B# | MEM | HDD
1 [(Controller Server 3 64G 2TB SATA 7.2Krpm x2(0S. App)

- OpenStack Controller
- Ceph Monitor

2 |Compute Server 3 32G 300GB SAS 10Krpm x2(0S. App)
- OpenStack Compute

3 |0OSD Server 6 32G 300GB SAS 10Krpm x2 (0OS. App)
- Ceph OSD 600GB SAS 10Krpm x3 (OSD)

320GB SSD (Journal)

[4 OSD (Z 50GB @ Journal Volume]
4 |Director Server 1 64G 2TB SATA 7.2Krpm x2(0S, App)

- OpenStack, Ceph @ Deploy

FEROEK Y — TN T, 2-1 D E B ITHERL LT-, BREERESEIZ1%. RHEL-OSP director Z VT
45 L. OpenStack Compute Node LD VM 723 Ceph A hL—T %27 ry 7T NNA AL LTCwT Y MY
HEIEE LT,

| OpenStack External

I (VLAN344)10.3.44.0/24

Provisioning
(VLAN345)10.3.45.0/24
192.0.2.0/24

| 1GB | [taB]]| [[1eB] T[1aB]| [[16B] T[1GB]| [ 106G | | 1GB |

Controller Compute
Director Server Server Server
X3 X3

1G [ 106G | [10G ]| |[ 106G ] [106] [[10c] [10G ]
L1 I

OpenStack Management(API)
(VLAN201)172.16.0.0/24

tb T .

OpenStack tunnel(tenant)
(VLAN204)172.17.0.0/24

Ceph Storage

(VLAN202)172.18.0.0/24/24

OSD Server
X6
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2-1 MGEERTR

2%, 4 OSD(Disk)IZxf LT, T/ "7 A —F &AL,

# ceph tell 0sd.[OSD No] injectargs --journal_max_write_entries 1000 --journal_max_write_bytes 1048576000
--journal_queue_max_ops 3000 --journal_queue_max_bytes 1048576000 --filestore_max_sync_interval 10

3. RAEGIE

A R L—T I0PS « A/v—"7" MEREIX, TR FIEICTRA L7,

- Compute Server IZZ L4 9 B D VM ZAERR(EIKT 27 A)
- 2VMIZ fio-21.7 %A VA F—/b

« 42 VM (Z Floating IP %[V X4 C

- Director Server 2> 5 /XA U — KL AT ssh##fit T& 5 L ) RE
- Director Server 7> & ssh (2 CT# VM T fio #3417

31 fioXT A —%
fio IZ. OSD Server ® 5%, VM %z, Read/Write, Block Size. job Bl AZL &8, 2 BRI~ F
FAT, 2 SRV IR LN 54 3 EHII L7z, 728, #E VM D54, & THORW\WTIiF|%E

1TL7.

fio EATRFOERIILL T D@ Y ThH %,

ssh (user@instance IP) fio -rw=[read/write] -size=1G -ioengine=libaio -iodepth=4 -invalidate=1 -direct=1
-name=test.bin -runtime=120 -bs=[BlockSize]k -numjobs=[Job #%] -group_reporting > (file name) & + -+ - -

- OSD Server : 3|4/5|6

- VM : 1]2(2 Compute Server {245 1VM)|3(3 Compute Server (24 1IVM)|
9(3 Compute Server {245 3VM)|27(3 Compute Server (Z4- VM)

- [instance] : =—H¥ 4 @VM @ IP Address,

- [read/write] : randomread|randomwrite

- [BlockSize]:4|16|32|64|128

- [Job %#4]:1|4/8|16

- [file name] : 7 7 A L4

kv, 320,160 DR Fv— 7 FEREET
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4. FEHR
HEE VM TOEMRERIZ. FOMHEPBRLELOER L Fv— 7R L TERHALE, 77, X
F~—7 3K 3EEFHLTEBY, AL EoRRMEEE-H L7,

[EE: UBREHOT —FZIIARIECK T 2 EZETH Y REIHETIIH Y FH¥ A, OSCA HEfitRETE.
TRt vy oy PR Ett, MBS ASIY ) 2 —va v X3, —SI0REEEZ LEEA]

BoNTeR2T =285, RKEIZR 4108 TH D,

# 4-1 R RYERE(E
# HH =3Gs B
1|\Write B #% K 1OPS OSD #—,3:6 5. Block Size:16KB. Job #t:4, VM:1 | 1,805 (io/s)
2|Write ¢ £z K Throughput |OSD #—/3:6 &5, Block Size:128KB., Job #:1, VM:3| 161,525(KB/s)
3|Read I} #% K I0PS OSD #—,3\:3 5. Block Size:4KB. Job #:16. VM:27| 494,491(iols)
4Read Iif fz K Throughput OSD #—~3:3 & Block Size:32KB, Job #:16, VM:27| 28,111,873 (KB/s)
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4.1 Block Size Bl DfE 7]

VM1, 2. 3. 9. 27 Ao, Block Size(VL F BS)AIDT — % % LL FIZARd,
(1) Random Write B4 4E
(a) Write, VM1 &
BS HANMIZFEVY IOPS 134EC /MK R 9% 23, Throughput (X K826 35, Job #5814 T, job
Bamzve—2r L L, job BOHEMT 5 EMEREDPRAIIKTT 5,

IOPS_W : VM1, jobl (io/s) Throughput_W : VM1, jobl (KB/s)
1,200 100,000
90,000
1,000 80,000
200 70,000
mOSD3 | 60000 = 0SD3
600 mOSD4 | 50,000 = 0SDa
mOsDs | 40,000 = 0SD5
400 30,000
= 0SD6 d m 0SD6
200 20,000
10,000
0 0
4KB 16KB 32KB 64KB 128KB 4K8 16KB 32kB 64KB 128KB
IOPS_W : VM1, job4 (io/s) Throughput_W : VM1, job4 (KB/s)
2,000 160,000
1,800 140,000
1,600 120,000
1,400
1,200 mOSD3 | 100,000 m0sD3
1,000 mOSD4 | 80,000 m0SD4
800 w0SD5 60,000 = 0SD5
600 mOSD6 | 40,000 HO0SD6
400
200 20,000
0 0
4K 16KB 32KB 64KB 128KB 4K8 16KB 328 64KB 128KB
IOPS_W : VM1, job8 (io/s) Throughput_W : VM1, job8 (KB/s)
1,800 140,000
1,600 120,000
1,400
100,000
1,200 = 0SD3 m0sD3
80,000
1,000 B 0SD4 = 0SD4
800 = 0SD5 60,000 W OSD5
600
mOsbe | 40,000 W 0SD6
400
200 20,000
0 0
4K8B 16KB 32KB 64KB 128KB 4KB 16KB 32kB 64KB 128KB
IOPS_W : VM1, jobl6 (io/s) Throughput_W : VM1, jobl6 (KB/s)
1,600 120,000
1,400 100,000
1,200
1,000 mospz | 000 = 0SD3
800 mOSD4 | 60,000 = 0SD4
0SD5 = 0SD5
600 40,000
400 = 0SD6 m0SD6
200 20,000
0 0
4KB 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB

4-1 Write, VM1 5B O 7
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(b) Write, VM2 £
BS HEAMZEVY IOPS [T4EL /2K 9% A3, Throughput 1 X KIEZ A E4 5, Job 2l 4 Tl. job
Bl1uzr—7 L L, job HEINT 5 L RN RA KT 5,

IOPS_W : VM2, jobl (io/s) Throughput_W : VM2, jobl (KB/s)
1,800 160,000
1,600 140,000
1,400 120,000
1,200 =0SD3 | 100,000 m0SD3
1,000 mOSD4 80,000 m 0SD4
800
mOSD5 60,000 W 0sD5
600
200 mOSD6 | 40,000 m0SD6
200 20,000
0 0
4KB 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB
IOPS_W : VM2, job4 (io/s) Throughput_W : VM2, job4 (KB/s)
1,800 140,000
1,600 120,000
1,400
100,000
1,200 = 0SD3 m0SD3
80,000
1,000 = 0SD4 = 05D4
8% = 0SD5 60,000 m0SD5
600
m 0SD6 40,000 H0SD6
400
200 20,000
0 0
4KB 16KB 32KB 64KB 128KB 4KB 16KB 32kB 64KB 128KB
IOPS_W : VM2, job8 (io/s) Throughput_W : VM2, job8 (KB/s)
1,600 120,000
1,400 100,000
1,200
1,000 m0SD3 80,000 H0SD3
800 H0SD4 60,000 = 0SD4
u 0SD5 m0SD5
600 40,000
400 = 0SD6 m0SD6
20,000
200 ’
0 0
AKB 16KB 32kB 64KB 128KB 4KB 16KB 32kB 64KB 128KB
IOPS_W : VM2, jobl6 (io/s) Throughput_W : VM2, job16 (KB/s)
1,400 120,000
1,200 100,000
1,000
= 05D3 80,000 m0SD3
800
mOSD4 | 60,000 = 05D4
600 m0SD5 = 0SD5
40,000
400 m0OSD6 ® OSD6
200 20,000
0 0
4KB 16KB 32kB 64KB 128KB 4KB 16KB 32kB 64KB 128KB

4-2 Write, VM2 5O 7
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() Write, VM3 51
BS HAMMIZAEVY IOPS 1T/ AR R 3% A3, Throughput 13 KIEIZ 6 F4 %, Job % A Tl. job
B1uzve—27 L L., job BEMREMT D EMERENRAIZIKTT 5,

IOPS_W : VM3, jobl (io/s) Throughput_W : VM3, jobl (KB/s)
2,000 180,000
1,800 160,000
1,600 140,000
1,400
mosp3 | 120000 H0SD3
1,200 100,000
1,000 H0SD4 . = 0SD4
80,000
800 " 0SD5 m0SD5
60,000
600 u 0SD6 m0sD6
400 40,000
200 20,000
0 0
AKB 16KB 32kB 64KB 128KB 4KB 16KB 32kB 64KB 128KB
IOPS_W : VM3, job4 (io/s) Throughput_W : VM3, job4 (KB/s)
1,300 140,000
1,600 120,000
1,400
100,000
1,200 m0SD3 = 0SD3
80,000
1,000 B 0SD4 m 0sD4
800 = 0SD5 60,000 W 0SD5
600
m 0SD6 40,000 mOSD6
400
200 20,000
0 0
4KB 16KB 32kB 64KB 128KB 4KB 16KB 32kB 64KB 128KB
IOPS_W : VM3, job8 (io/s) Throughput_W : VM3, job8 (KB/s)
1,400 120,000
1,200 100,000
1,000
m0SD3 80,000 m0SD3
800
W OSD4 60,000 m0SD4
600 = 0SD5 m0SD5
40,000
400 = 0SD6 B 0SD6
200 20,000
0 0
4KB 16KB 32KB 64KB 128KB 4KB 16KB 32kB 64KB 128KB
IOPS_W : VM3, job16 (io/s) Throughput_W : VM3, job16 (KB/s)
1,400 100,000
90,000
1,200 80,000
1,000 70,000
= 0SD3 m05D3
800 60,000
m0SD4 50,000 m0sb4
600 = 0SD5 40,000 m0SD5
400 mosps | 30000 ®0SD6
20,000
200 10,000
0 0
4KB 16KB 32kB 64KB 128KB 4KB 16KB 32¢B 64KB 128KB

4-3 Write, VM3 5O 7]

- 10 —
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(d) Write, VM9 &
BS MLV IOPS 1340 H 2K R 9% 23, Throughput 13 KIEIZ A 9%, Job 20815 T, job
¥}1EE—27 L L, job BHINMT 5 EVEREN R~ ITIK T 5,

IOPS_W : VM9, jobl (io/s) Throughput_W : VM9, jobl (KB/s)
1,800 140,000
1,600 120,000
1,400
100,000
1,200 m0SD3 = 0SD3
80,000
1,000 B 0SD4 m 0sD4
800 = 0SD5 60,000 W 0SD5
600
m 0SD6 40,000 mOSD6
400
200 20,000
0 0
16KB 32kB 64KB 128KB 4KB 16KB 32kB 64KB 128KB
IOPS_W : VM9, job4 (io/s) Throughput_W : VM9, job4 (KB/s)
1,400 100,000
90,000
1,200 80,000
1,000 70,000
a00 = 0SD3 60,000 = 0SD3
O0SD4 50,000 m0sha
600 mosbs | 40,000 m 0SD5
400 mosps | 0000 H0SD6
20,000
200 10,000
0 0
16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB
IOPS_W : VM9, job8 (io/s) Throughput_W : VM9, job8 (KB/s)
1,400 90,000
80,000
1,200
70,000
1,000
mosp3 | 80000 H0SD3
800
H0SD4 20000 m 0SD4
40,000
600 u 0SD5 m0SD5
30,000
400 m 0SD6 m 0SD6
20,000
200 10,000
0 0
AKB 16KB 32kB 64KB 128KB 4KB 16KB 32kB 64KB 128KB
IOPS_W : VM9, jobl6 (iofs) Throughput_W : VM9, jobl6 (KB/s)
1,200 70,000
1,000 60,000
50,000
800 = 0SD3 H0SD3
40,000
600 H 0SD4 = OSD4
= 0SD5 30,000 W OSD5
400
m0sbe | 20,000 W 0SD6
200 10,000
0 0
4KB 16KB 32kB 64KB 128KB 4KB 16KB 32kB 64KB 128KB

4-4 Write, VM9 & O A)

- 11 —
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(e) Write, VM27 A1
BS AN AEVY IOPS (4R MK T L. Throughput I3 RIE(Z M E9°%, Job 2L CTid. job %k
1&E—27 L L, job AT 5 & HERENM R & ICIR T 5,

IOPS_W : VM27. jobl (io/s) Throughput_W : VM27., jobl (KB/s)
1,600 120,000
1,400 100,000
1,200
1,000 mospz | 800 m0sD3
800 mOSD4 | 60,000 = 0SD4
= 0SD5 = 0SD5
600 40,000
400 m 0SD6 m0SD6
20,000
200 .
0 0
4KB 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB
IOPS_W : VM27, job4 (io/s) Throughput_W : VM27, job4 (KB/s)
1,200 80,000
70,000
1,000
60,000
800 mOSD3 | 50,000 m0SD3
600 mOSD4 | 40,000 m0SD4
w 0SD5 30,000 M 0OSD5
400
=0SD6 | 20,000 m0SD6
200 10,000
0 0
4KB 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB
IOPS_W : VM27. job8 (io/s) Throughput_W : VM27, job8 (KB/s)
1,200 80,000
70,000
1,000
60,000
800 mOSD3 | 50,000 B 05D2
600 mOSD4 | 40,000 m0SD4
W 0Sbh5 30,000 W OSDs
400
mOsSD6 | 20,000 m0SD6
200 10,000
0 0
4K 16KB 32KB 64KB 128KB 4K8 16KB 32KB 64KB 128KB
IOPS_W : VM27. job16 (io/s) Throughput_W : VM27. jobl16 (KB/s)
1,200 70,000
1,000 60,000
50,000
800 = 0SD3 m0sD3
40,000
600 H 0SD4 = OSD4
= 0SD5 30,000 W OSD5
400
m0sbe | 20,000 W 0SD6
200 10,000
0 0
4K8B 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB

4-5 Write, VM27 &R )

- 12 —
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(2) Random Read KD fE
(a) Read. VM1 &I
BS BENMZ -V IOPS 1K N3 2% 23, Throughput X KIEIZ A E3 %, Job £l T, job FaiitH
m3 2 EvERenm BT 5,

IOPS_R : VM1, jobl (io/s) Throughput R : VM1, jobl (KB/s)
6,000 450,000
400,000
3,000 350,000
4,000 mosp3 | 200000 H0SD3
250,000
3,000 m0sD4 = 0SD4
200,000
W 0SD5 W OSD5
2,000 150,000
m 0sD6 m0SD6
100,000
1,000
50,000
0 0
4KB 16KB 32kB 64KB 128KB 4KB 16KB 32kB 64KB 128KB
IOPS_R : VM1. job4 (io/s) Throughput_R : VM1, job4 (KB/s)
18,000 1,400,000
16,000 1,200,000
14,000
1,000,000
12,000 m0SD3 = 0SD3
800,000
10,000 = 0SDA m0SD4
8000 = 0SD5 600,000 = 0SD5
6,000
u0SD6 400,000 B OSD6
4,000
2,000 200,000
0 0
4KB 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB
IOPS_R : VM1, job8 (io/s) Throughput R : VM1, job8 (KB/s)
30,000 1,400,000
25,000 1,200,000
1,000,000
20,000 = 0SD3 m0SD3
800,000
15,000 m0SD4 = 0sD4
= 0SD5 600,000 m0SD5
10,000
m 0SD6 400,000 H0SD6
5,000 200,000
0 0
4KB 16KB 32kB 64KB 128KB 4KB 16KB 32KB 64KB 128KB
IOPS R : VM1, job1l6 (io/s) Throughput_R : VM1, job16 (KB/s)
35,000 1,800,000
1,600,000
30,000
1,400,000
25,000
mosp3 | 1200.000 H0SD3
20,000
m0SD4 1,000,000 m0SD4
800,000
15,000 = 0SD5 = 0SD5
600,000
10,000 m 0SD6 H 0SD6
400,000
5,000 200,000
0 0
e 16KB 32kB 64KB 128KB KB 16KB 32kB 64KB 128KB

4-6 Read, VM1 &R )

- 13 -
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(b) Read, VM2
BS HEAMZEVY IOPS [ R4 % 28, Throughput I3 KIEIZ A E3 %, Job £l TiX, job Hav
42 EPEREDE BT D,

IOPS_R : VM2, jobl (io/s) Throughput_R : VM2, jobl (KB/s)
12,000 900,000
800,000
10,000 700,000
8,000 mospz | 600000 m0SD3
500,000
6,000 m0osDa m 0SD4
400,000
= 0SD5 = 0SD5
4,000 300,000
m0SD6 m0SD6
200,000
2,000
100,000
0 0
KB 16KB 32KB 64KB 128KB K8 16KB 32KB 64KB 128KB
IOPS_R : VM2, job4 (io/s) Throughput_R : VM2, job4 (KB/s)
30,000 2,500,000
25,000 2,000,000
20,000
®OSD3 | 4 500,000 m05D3
15,000 m0SD4 = 0sD4
m0osbs | 1,000,000 m0SD5
10,000
m0SD6 W 0SD6
5000 500,000
0 0
KB 16KB 32KB 64KB 128KB aK8 16KB 32KB 64KB 123K8B
IOPS_R : VM2, job8 (io/s) Throughput_R : VM2, job8 (KB/s)
40,000 3,000,000
35,000 2,500,000
30,000
25,000 mosp3 | 2000000 m0SD3
20,000 mO0SD4 | 1,500,000 m 0SD4
= 0SD5 " 0SD5
15,000 1,000,000
10,000 m 0sD6 H 0SD6
5,000 500,000
0 0
aKB 16K8B 32KB 64KB 128K8B a8 16KB 32KB 64KB 128K8
IOPS_R : VM2, job16 (io/s) Throughput_R : VM2, job16 (KB/s)
50,000 3,500,000
45,000 3,000,000
40,000
35,000 2,500,000
' u0SD3 ®05D3
30,000 2,000,000
25,000 H 0SD4 = OSD4
20,000 wosps | 1500000 +osos
15,000 mosps | 1,000,000 mOSD6
10,000
500,000
5,000
0 0
KB 16KB 32KB 64KB 128KB a8 16KB 32KB 64KB 128K8

4-7 Read, VM2 &R )

- 14 —
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() Read, VM3 &H¥F
BS HEAMZEVY IOPS [ R4 % 28, Throughput I3 KIEIZ A E3 %, Job £l TiX, job Hav
m+ 2z EHRENm ET 5,

IOPS_R : VM3, jobl (io/s) Throughput R : VM3, jobl (KB/s)
16,000 1,400,000
14,000 1,200,000
12,000 1,000,000
10,000 = 0SD3 m0sD3
800,000
8,000 m0SD4 = 0SD4
600,000
6,000 " 0SD5 ! m0SD5
4,000 m 0SD6 400,000 m0SD6
2,000 200,000
0 0
4KB 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB
IOPS_R : VM3, job4 (io/s) Throughput_R : VM3, job4 (KB/s)
35,000 3,500,000
30,000 3,000,000
25,000 2,500,000
= 0SD3 m05D3
20,000 2,000,000
m0SD4 = 0SD4
15,000 mosps | 500000 m0SD5
10,000 m0osp6 | 1,000,000 H0SD6
5,000 500,000
0 0
4KB 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB
IOPS_R : VM3, job8 (io/s) Throughput_R : VM3, job8 (KB/s)
40,000 4,000,000
35,000 3,500,000
30,000 3,000,000
25,000 mO0sSD3 | 2,500,000 H0SD3
20,000 mOSD4 | 2,000,000 = 0SD4
15,000 W OSD5 | 1,500,000 = 0SsD5
10,000 m0SD6 | 1,000,000 m0SD6
5,000 500,000
0 0
e 16KB 32kB 64KB 128KB KB 16KB 32kB 64KB 128KB
IOPS_R : VM3, job16 (io/s) Throughput_R : VM3, job16 (KB/s)
60,000 5,000,000
4,500,000
0,000 4,000,000
40,000 3,500,000
. mOSD3 | 300,000 H0SD3
30,000 W OSD4 | 2,500,000 m 0sD4
mOosbs | 2,000,000 m 0SD5
20,000
mospe | 200,000 m0sD6
10,000 1,000,000
500,000
0 ]
4KB 16KB 32kB 64KB 128KB 4KB 16KB 32kB 64KB 128KB

4-8 Read, VM3 &R )

- 15 —
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(d) Read. VM9 &
BS HEANZLEVY IOPS 124K F L. Throughput @fa) EHEA1X 4.1(2)-(a)(b)(c) & thik LEESCTH 5,
Job E#STlE, job EasEENd % & MEREA M BT B,

IOPS_R : VM9, jobl (io/s) Throughput_R : VM9, jobl (KB/s)
35,000 3,000,000
30,000 2,500,000
25,000
mospz | 2000000 m0sD3
20,000
m0OSD4 | 1,500,000 = 0SD4
15,000 " 0SD5 = 0SD5
1,000,000
10,000 m0SD6 m0SD6
5,000 500,000
0 0
4KB 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB
IOPS_R : VM9, job4 (io/s) Throughput_R : VM9, job4 (KB/s)
60,000 5,000,000
4,500,000
50,000 4,000,000
40,000 3,500,000
. m0SD3 | 3 000,000 = 0SD3
30,000 m0SD4 | 2,500,000 m0SD4
mOosbs | 2,000,000 m0SD5
20,000
wospg | 1:500,000 =056
10,000 1,000,000
500,000
0 0
4KB 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB
IOPS_R : VM9, job8 (io/s) Throughput_R : VM9, job8 (KB/s)
80,000 6,000,000
70,000 5,000,000
60,000
50,000 mosp3 | +000.000 m0sD3
40,000 mOSD4 | 3,000,000 m0SD4
= 0SD5 m 0SD5
30,000 2,000,000
20,000 m 0SD6 | OSD6
10,000 1,000,000
0 0
aK8 16KB 32KB 64KB 128KB 4K 16KB 32kB 64KB 128KB
IOPS_R : VM9, job16 (io/s) Throughput_R : VM9, job16 (KB/s)
180,000 10,000,000
160,000 9,000,000
140,000 8,000,000
120,000 7,000,000
100’000 = 0SD3 6,000,000 mO0SD3
’ m0OsD4 | 5,000,000 m0SD4
80,000
’ mosD5 | 4,000,000 m0SD5
60,000
mospe | 000,000 m0sD6
40,000 2,000,000
20,000 1,000,000
0 0
4K8 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB

4-9 Read, VM9 &R D )
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(e) Read, VM27 Bk
BS HIANZFE W IOPS 13K 9% 743, Throughput 138 % 1 Z8{LA 2 B 72 W, Job #BLR Tl job
BB+ 5 & MERED i BT 5,

IOPS_R : VM27. jobl (io/s) Throughput_R : VM27. jobl (KB/s)
80,000 8,000,000
70,000 7,000,000
60,000 6,000,000
50,000 ®mO0SD3 | 5,000,000 m0sD3
40,000 mOSD4 | 4,000,000 = 0sD4
30,000 =0SD5 | 3,000,000 0SD5
20,000 =0SD6 | 2,000,000 m0SD6
10,000 1,000,000
0 0
4KB 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB
IOPS_R : VM27., job4 (iofs) Throughput_R : VM27, job4 (KB/s)
140,000 14,000,000
120,000 12,000,000
100,000 10,000,000
= 0SD3 = 0SD3
80,000 8,000,000
m0SD4 m0SD4
60,000 mosps | 000000 = 0SD5
40,000 m 0SD6 4,000,000 H0SD6
20,000 2,000,000
0 0
4KB 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB
IOPS_R : VM27, job8 (io/s) Throughput_R : VM27, job8 (KB/s)
250,000 20,000,000
18,000,000
200,000 16,000,000
14,000,000
150,000 mOSD3 | 13,000,000 m0sD3
mOSD4 | 10,000,000 m 0S4
100,000 u 0SD5 8,000,000 m0SD5
mospe | ©000,000 m0sD6
50,000 4,000,000
2,000,000
0 0
aK8 16KB 32KB 64KB 128KB 4K 16KB 32KB 64KB 128KB
IOPS_R : VM27, job16 (io/s) Throughput_R : VM27. job16 (KB/s)
600,000 30,000,000
500,000 25,000,000
400,000 mosp3 | 20000000 m0sD3
300,000 EHO0SD4 | 15,000,000 = 0sD4
= 0SD5 m0SD5
200,000 10,000,000
m0SD6 m0SD6
100,000 5,000,000
0 0
4K8 16KB 32KB 64KB 128KB 4KB 16KB 32KB 64KB 128KB

4-10 Read. VM27 & HEDHEA)
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42 OSD H%— EHHIZ
41 LIIBREET L,

(1) Random Write F¢{ERE
(a) Write, BS4KB I

OSD Y— EIZ e LIERE 0] B9 %,
VM DN LEN . PEREIME R 5,

K 28]
BS 4. 16, 32, 64, 128KB 0, OSD #— SEHKAIDOF — 4 % LU FITRT,

Job #%.

OpenStack on Ceph T##E5F4

VM H @5 Tk, jobl DA ERE . job %,

IOPS_W : 4KB. jobl (io/s) Throughput_W : 4KB., jobl (KB/s)
2,000 8,000
1,800 7,000
1,600
6,000
1,400 M1 VML
1,200 g | B0 .
1,000 — 4000 —gm——— | | S L
=VM3 =VM3
800 | ~ 3,000 | — — —
60 L || . mvMmo uVMO
400 L _ mvmaz | 200 | | | = VM27
200 L . 1,000 — - — —
0 o HEEINE NEISEE "ERTEN Weomw
0sD3 0sbh4 0sD5 0sD6 0sD3 osb4 0SD5 0SsD6
IOPS_W : 4KB. job4 (io/s) Throughput_W : 4KB. job4 (KB/s)
2,000 7,000
1,300 6,000
1,600
1,400 mvm1 | 5000 VM1
1,200 mvM2 | 4,000 "Mz
1,000  mvMm3 VM3
200 L | 3,000
60 L M9 o VM9
200 | - mvm27 " VM27
00 U I [ 1,000 I
0 0
0sD3 0sDh4 0sD5 0sD6 0sD3 osb4 0SD5 0sD6
IOPS_W : 4KB. job8 (io/s) Throughput_W : 4KB. job8 (KB/s)
1,800 6,000
1,600
5,000 -
1,400
1200 BVML |, 00 BVML
1,000 . mvm2 VM2
3,000 |
800 mVM3 uVM3
600 mVM9 2,000 — —| — m VM9
400
IIII I mVM2 | II || || " VM27
200
0 o [ HEENE NFEEER ShiEN Shoee-
05D3 0sD4 0sp5 0sp6 0sD3 0osp4 0sD5 05D6
IOPS_W : 4KB. jobl16 (io/s) Throughput_W : 4KB, job16 (KB/s)
1,600 6,000
1,400 5,000
1,200 mVM1 4,000 VM1
1,000 .

’ uvyM2 VM2
800 mvmz | 000 T mvM3
600 mvM9 | 2,000 | — = - -~ mvMo
400

uyM27 nVyMm27
0 o e e e
0sD3 0sD4 0sD5 0sD6 0sD3 ospa 0sD5 0SD6

4-11 Write, BS 4KB ;O[]
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(b) Write, BS 16KB I
OSD #— U il LPERED ) 9%, Job %k, VM £l TlE, jobl DA ZBRE . job k.
VM DL, HEENE T 5,

IOPS_W : 16KB. jobl (io/s) Throughput_W : 16KB. jobl (KB/s)
2,000 30,000
1,300
1600 25,000 —
1,400 BVML | 50000  mvMmi
1,200 VM2 VM2
1,000 - 15000 —MH—— | — -
=VM3 =VM3
800 | —
p—  mvMe | 10000 — - |- -~ mvMe
200 - — o EvMT e | | |  mvm27
200 -
0 o HEEONE NEINE ERTEE waome
0sD3 0sbh4 0sD5 0sD6 0sD3 0sb4 0SsD5 0SsD6
IOPS_W : 16KB. job4 (io/s) Throughput_W : 16KB. job4 (KB/s)
2,000 30,000
1,300
1,600 25,000
1,400 BVML | 50000 BVML
1,200 VM2 VM2
1,000 - 15,000 — -
VM3 =VM3
800 L
600 . mvMo | 10000 — [ — - — mvm9
400 | L CE IS | [ | | |  mvm7
200 —
0 o HEENE HNEEES ShoEE EaeEe
05D3 0sD4 0sp5 0sp6 0sp3 0sD4 0sD5 0sD6
IOPS_W : 16KB. job8 (io/s) Throughput_W : 16KB, job8 (KB/s)
1,600 25,000
1,400
20,000
1,200 [
mVM1 mVM1
1,000 - mvm2 | 15000 T mvm2
800 — -
mVM3 VM3
600 || 10,000 |—pga—— — — —
VMo VMO
400 | | | | mVM27 | 5000 | — - - - mvMm27
200 - - L
o e e o e e e
0sD3 0sD4 0sD5 0sD6 0sp3 0sD4 0SD5 0sD6
IOPS_W : 16KB. jobl6 (io/s) Throughput_W : 16KB. job16 (KB/s)
1,400 20,000
1,200 18,000
16,000
1,000 mVM1 14,000 VM1
800 mvm2 | 12000 — mvM2
mvmz | 10000 - mvm3
600 1 8000 — —
w0 U BVMO | oo L . mvMg
mVM27 4,000 — — uVM27
200 2,000 —
0 0
0sD3 0sD4 0sD5 0sb6 0sD3 0sD4 0sD5 0sD6

4-12 Write, BS 16KB EF 1t 7]
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(¢) Write, BS 32KB 1
OSD H— "z ke LYERED A 3%, Job 25, VM £l S Tlx, jobl &% FRE . job %,
VM DN LE . PEREIME R 5,

IOPS_W : 32KB. jobl (io/fs) Throughput_W : 32KB. jobl (KB/s)
1,800 60,000
1,600
50,000 —
1,400
1,200 =VM1 1 40,000 L =vM1
1,000 . mvMm2 VM2
. 30,000 | —
800 | mVM3 = VM3
600 || mVM9 20,000 — —| — — — VM9
400 |
I =VM2T | L I_ | |  mvMm27
200 |
0 0o — — 0 0 — 0
0sD3 0sbh4 0sD5 0sD6 0sD3 0sb4 0SsD5 0SsD6
IOPS_W : 32KB. job4 (io/s) Throughput_W : 32KB. job4 (KB/s)
2,000 60,000
1,800
1,600 50,000
1,400 mVM1 20,000 VM1
1,200 VM2 VM2
1,000 30,000 —
mVM3 = VM3
800 | —
600 | . mvMmo 20,000 — — —| —  mvM9
400 — SEVMT e L | L - mvMm27
200 | —
0 L —
0SD3 0sD4 0sD5 0sD6 0SD3 0SD4 0SD5 0SD6
IOPS_W : 32KB. job8 (io/s) Throughput_W : 32KB, job8 (KB/s)
1,600 45,000
1,400 40,000
1,200 mVM1 0% VM1
1,000 30,000
BVM2 | 55000 . mvMm2
800 ’
=VM3 20,000 " VM3
600 m VM9 15,000 m VM9
400
myvM27 | 10,000 =VM27
200 5,000
0 0
0SD3 0sD4 0sD5 0sDh6 0SD3 0SD4 0SD5 0SD6
IOPS_W : 32KB. jobl6 (io/s) Throughput_W : 32KB. job16 (KB/s)
1,400 40,000
1,200 35,000
1,000 mVM1 20,000 mVM1
25,000
800 m VM2 VM2
20,000
600 | =VM3 "VM3
15,000
200 mVM9 m VM9
mvmzy | 10000 = VM27
200 5,000 ||
0 0
0SD3 osD4 0sbh5 0sbhe 0sD3 0sD4 0SD5 0sDe

4-13 Write, BS 32KB EF 1t 7]
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(d) Write., BS 64KB I
OSD Hr— " FuZ bt L¥EREA ) E3%, Job %, VM E#lA TiE, jobl D& A FRE . job 2,
VM DN LE . PEREIME R 5,

IOPS_W : 64KB. jobl (io/fs) Throughput_W : 64KB. jobl (KB/s)
1,300 120,000
1,600
100,000 —
1,400 o
1200 o mVML | g0000 _ mvm1
1,000 __ mvm2 VM2
60,000 — L
800 | — | —  mVM3 = VM3
600 — — - -~ mvMo | 40000 — — | ~ mvM9
400 — | - —
II I =M | o000 L II_ I_ | | _ mvm27
200 - - - -
o HHENE HEEUSN FESEE WeoEs o | MEENE NEIEE WEOEn weDEe
0SD3 0osb4a 0sbh5 0sbh6 0sb3 0osb4a 0SD5 0sbh6
IOPS_W : 64KB. job4 (io/s) Throughput_W : 64KB. job4 (KB/s)
1,800 120,000
1,600
100,000
1,400
1200 . mVMI | gho0 BVML
1.000 VM2 VM2
! 60,000 |
800 ~ mvMm3 =VM3
600 — — — ~ mvmo | 40000 (m——— S — )
400 — - - -
200 - - L -
o HENNE HEESEN FENEE weeEe o | HEENE NEoEN SooER FaoEe
05D3 0sD4 0sp5 0sp6 0sp3 0sD4 0sD5 0sp6
IOPS_W : 64KB. job8 (io/s) Throughput_W : 64KB, job8 (KB/s)
1,400 90,000
1,200 80,000
70,000
1,000 —  mvm1 60.000 VM1
800 -~ mVM2 | sg000 uVM2
600 | | . mVM3 40,000 uVM3
mVM9 | 30,000 — VMO
200 - - - - -
mym27 | 20,000 — =VM27
200 ] ] ] W 10,000 -
O 0
0sD3 0sD4 0sD5 0sD6 0sp3 0sD4 0SD5 0sD6
IOPS_W : 64KB. jobl6 (io/s) Throughput_W : 64KB. jobl6 (KB/s)
1,400 80,000
1,200 70,000
1,000 mVM1 60000 VM1
50,000
800 — mvm2 uVM2
40,000
600 LY VE =VM3
30,000 —
w0 U y | ||  mvmo VMO
mvmzy | 20000 I = VM27
200 — — — — 10,000 —
O — 0
0sD3 0sD4 0sD5 0sb6 0sD3 0sD4 0sD5 0sD6

4-14 Write, BS 64KB F 1t 7]
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(e) Write, BS 128KB I
OSD H— "FZ kbl LIPERE DS M) B35, job %X,

VM DA, M

1375)1&7:'3—5

OpenStack on Ceph T##E5F4

VM 85T, jobl D& EERE . job k.

1,400
1,200
1,000
800
600
400

200

IOPS_W : 128KB. jobl (io/s)

180,000

160,000

140,000

=VML 1 190,000

-VM2 100,000

Ly = VM3 80,000

mVM9 60,000

-VM27 40,000
II I ] 20,000

0sD3 0osb4 0OsD5 0OsD6

Throughput_W : 128KB. jobl (KB/s)
VM1
VM2
= VM3
— VM9
II I I uVM27

0sD3

0osb4 0sD5 0OsD6

IOPS_W : 128KB. job4 (io/s) Throughput_W : 128KB. job4 (KB/s)
1,400 160,000
1,200 140,000
1,000 wvmz | 00 VM1
100,000
800 VM2 VM2
80,000 | —
600 =VM3 = VM3
100 VM9 60,000 [ - mvMm9
mymz7 | 40000 [ I ] - mvMm27
200 II 20,000 | - - — —
0 o Wi SETEE ST =
05D3 0sD4 0sD5 0SD6 0sD3 0sD4 05D5 0SD6
IOPS_W : 128KB. job8 (io/s) Throughput_W : 128KB. job8 (KB/s)
1,200 140,000
1,000 120,000
200 mVM1 100,000 VM1
VM2 80,000 — mvM2
600
= VM3 60000 W _ | |- . mvM3
400 VMO VMO
20,000 | — - - I
0 0 SRR e
0sD3 0sD4 0sD5 0sD6 0sD3 0sD4 0SD5 0sD6
IOPS_W : 128KB. job16 (io/s) Throughput_W : 128KB. job16 (KB/s)
1,000 120,000
900
100,000
800
700 VM1 80,000 VM1
600 VM2 VM2
500 =VM3 60000  mvMm3
400
300 _ mvMo 40,000 — [ | |,
100 I

0

0sD3

0sD4 0sb> 0osbe

0osb3 0sD4 0sD5 0osbe

- 22 —
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(2) Random Read M4 fiE
(a) Read, BS4KB &}
OSD H— B EPEREIE S E 0 BB L 7evy, job £, VM 81 TiE, job £, VM DI
W, PEBEAEEINT S,

IOPS_R : 4KB. jobl (io/s) Throughput_R : 4KB. jobl (KB/s)
80,000 7,000,000
70,000 6,000,000
60,000 "~ mvm1 | 5000000 " VM1
50,000 -
=VM2 4,000,000 —  mvMm2
40,000 —
=VM3 | 3000000 _ mvM3
30,000 -
mVM9 2 000,000 - m VM9
20,000 I  mvM27 uVM27
10000 ——mi—— - |- L 1,000,000 I I I -
o il III III III - — - __I
0sD3 osb4 0SD5 0sD6 0sD3 0sD4 0sD5 0sD6
IOPS_R : 4KB, job4 (io/s) Throughput_R : 4KB. job4 (KB/s)
140,000 14,000,000
120,000 12,000,000
100,000 —  mvM1 10,000,000 VM1
80,000 —  mvM2 8,000,000 —  mvM2
60,000 . mVM3 6,000,000 _ mVvM3
40,000 o EVMI | 000,000 _ mVMo
I I mVM27 mvVM27
s FIELEL O | | I | )
i 0 I NN | | e | .
0SD3 0SD4 0SD5 0SD6 0SD3 0sb4 0SD5 0SD6
IOPS_R : 4KB. job8 (io/s) Throughput_R : 4KB. job8 (KB/s)
250,000 20,000,000

18,000,000
16,000,000
mVM1 | 14,000,000

VM1

150,000 VM2 12,000,000 VM2
10,000,000

VM3 VM3
100,000 — 8,000,000

uVM9 6,000,000 VM9

50,000 - ®mVM27 | 4,000,000 =VM27
all wnERR wEAEN mER 70000 I [ [ I
0 . | | | [ | [ | 0 - — — |

200,000

0sD3 0sD4 0SD5 0SDe6 0SD3 0osb4 0SD5 0sDe
IOPS_R : 4KB. job16 (io/s) Throughput_R : 4KB. job16 (KB/s)
600,000 25,000,000
500,000 20,000,000
400,000 . mvM1 VM1
VM2 15,000,000 (I mVM2
300,000 —
mVM3 = VM3
10,000,000 .
200,000 —  mVM9 VM9
100,000 I I I I _ mvM27 | 5,000,000 I I I I — mvMm27
o L —mil || = || = | I — - = =l
0sD3 0sb4 0sD5 0SsD6 0sD3 osb4 0sD5 0SsD6

4-16 Read. BS 4KB Ff DOt [A)
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(b) Read, BS 16KB I
OSD #r— B EVEREIZ & E 0 I L 72, job %, VM Bl Tid. job B, VM B HIIMZ
VN, PEREREEINT B,

IOPS_R : 16KB. jobl (io/s) Throughput_R : 16KB. jobl (KB/s)
80,000 6,000,000
70,000 5,000,000
60000 mVM1 VM1
50,000 4,000,000 _
VM2 VM2
40,000 3,000,000 I
VM3 =VM3
30,000 mVM9 2,000,000 — mVM9
20,000 BVMIT |  mvmz
o i ali al h n_n_1
0 -l i ull ull A — — —
0sD3 0osp4 0sD5 0sD6 0sD3 05D4 0sD5 0sD6
IOPS_R : 16KB. job4 (io/s) Throughput_R : 16KB, job4 (KB/s)
140,000 12,000,000
120,000 10,000,000
100,000 mVM1 4,000,000 VM1
80,000 - mvm2 VM2
6,000,000 (I
60,000 . mvM3 =VM3
20,000 _ mvmo | 4,000,000 —  mvMg
mVM27 uVM27
o gall-sntll I|| SR el O | | | |
0 -II I I I 0 sl =—mm il e B . | |
0sp3 0sD4 0sD5 0SD6 0sD3 ospa 0sD5 0sD6
IOPS_R : 16KB. job8 (io/s) Throughput_R : 16KB. job8 (KB/s)
180,000 18,000,000
160,000 16,000,000
140,000 14,000,000
120,000 . EVML |45 000,000 VM1
100,000 —  ®VMZ | 10,000,000 - mvMm2
80,000 —  mVM3 8,000,000 — mVM3
60,000 — mVM9 6,000,000 — mVM9
40,000 I I I I ~  mvmz7 | 4,000,000 I —  mvm27
20,000 — - L - - 2,000,000 -
0 -II III III III o L=l _--I _-II _-II
0sD3 0sb4 0sD5 0SsD6 0sD3 osb4 0sD5 0SsD6
IOPS_R : 16KB. jobl16 (io/s) Throughput_R : 16KB. job16 (KB/s)
350,000 30,000,000
300,000 25,000,000
250,000 BYM1 | 50000000 VM1
200,000 — VM2 VM2
15,000,000 I
150,000  mvMm3 =VM3
mVM9 10,000,000 — m VM9
100,000 -
50000 I I I I VM| 000 I I I I . mvMm27
. -mll 1 || sl alll o L_mm —mm —mm —mm
0osD3 0osb4 0sD5 0sD6 0sD3 osb4 0sD5 0SsD6

4-17 Read, BS 16KB ¢ fH |
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(c) Read, BS 32KB ¥
OSD #r— B EVEREIZ & E 0 I L 72y, job %, VM Bl Tid. job B, VM B HIIMZ
VN, PEREREEINT B,

IOPS_R : 32KB. jobl (io/s) Throughput_R : 32KB. jobl (KB/s)
80,000 7,000,000
70,000 6,000,000
60000 "~ mvm1 | 5000000 "VM1L
50,000 L
mVM2 | 4,000,000 — mvm2
40,000 -
VM3 | 3000000 . mvM3
30,000 — T
MY | EvMO
20,000 I I I T mvm27 I uVM27
10,000 | . 1,000,000 I I I L
o i | -ll Ill -II - —mm —mE —mE
0sD3 ospa 0sD5 0sD6 0sD3 0sD4 0sD5 0sD6
IOPS_R : 32KB. job4 (io/s) Throughput_R : 32KB. job4 (KB/s)
120,000 12,000,000
100,000 10,000,000
80,000 HVML | 8,000,000 mVML
=vm2 = VM2
60,000 6,000,000 L
VM3 =VM3
40,000 — mVvMo | 4,000,000 )
20,000 I I II II =VM27 | 00000 I I . mVMm27
. a lll ll lI - --ll =nl .lll
0sp3 0sD4 0sD5 05D6 05D3 0osp4 0sD5 0sD6
IOPS_R : 32KB. job8 (io/s) Throughput_R : 32KB. job8 (KB/s)
180,000 18,000,000
160,000 16,000,000
140,000 14,000,000
120,000 . WVML | 45 000,000 N
100,000 -~ mVM2 10,000,000 -~ mVM2
80,000 —  mVM3 8,000,000 —  mvM3
60,000 —  mVMO | 6,000,000 )
40,000 I I I I —  mvm27 | 4,000,000 I —  mvmz
20000 — - L - - 2,000,000 -
0 -.I III III III o L—mil --.I -..I -..I
0sp3 0sD4 0sD5 0SD6 0sD3 ospa 0sD5 0sD6
IOPS_R : 32KB. job16 (io/s) Throughput_R : 32KB, job16 (KB/s)
300,000 30,000,000
250,000 25,000,000
200,000 -~ WVML | 56000,000 VM1
VM2 = VM2
150,000 - 15,000,000 -
=VM3 = VM3
100,000 —  mVMO | 10,000,000 )
0000 I I I I omvMaT | I I  mvmz7
. L-niln «ENNR «H0 all o | _mi --II =nll .lll
0sD3 0sD4 0sDs5 05D6 0sD3 0osba 0sDs5 0sD6

4-18 Read. BS 32KB HF 1t 7]
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(d) Read, BS 64KB I
OSD #r— B EVEREIZ & E 0 I L 72y, job %, VM Bl Tid. job B, VM B HIIMZ
PEREASHE NS % o

IOPS_R : 64KB. jobl (io/s) Throughput_R : 64KB. jobl (KB/s)
70,000 7,000,000
60,000 6,000,000
50,000 —  mVvM1 5,000,000 — mVvM1
40,000 —  mvM2 | 4,000,000 — mvm2
30,000 — =VM3 1 3000000 L mvM3
20,000 _ EVMI 1 000,000 . mvMe
I I =VM27 I " VM27
10,000 I — 1,000,000 I I I —
0sD3 ospa 0sD5 0sD6 0sD3 0sD4 0sD5 0sD6
IOPS_R : 64KB. job4 (io/s) Throughput_R : 64KB. job4 (KB/s)
120,000 12,000,000
100,000 10,000,000
80,000 HVML | 5.000,000 mVM1
mvm2 mVM2
60,000 - 6,000,000 -
VM3 =VM3
40,000 — mVvMo | 4,000,000 -~ mvMmg
20,000 I I I I L mVM2T | 00 I I I - mvMm27
il o 00N SR | atll ol Ll
0sp3 0sD4 0sD5 05D6 05D3 0osp4 0sD5 0sD6
IOPS_R : 64KB. job8 (io/s) Throughput_R : 64KB. job8 (KB/s)
160,000 16,000,000
140,000 14,000,000
120,000 12,000,000
VM1 VM1
100,000 - 10,000,000 I
VM2 uVM2
80,000 - 8,000,000 -
=VM3 =VM3
60,000 — 6,000,000 —
VMo VMO
o I I| I| I‘ ] s I I| I| I‘ o
20000 — IR— |- - - 2,000,000 —— — — -
o il sEii il > il il il ami
0sp3 0sD4 0sD5 0SD6 0sD3 ospa 0sD5 0sD6
IOPS_R : 64KB. jobl16 (io/s) Throughput_R : 64KB, job1l6 (KB/s)
300,000 30,000,000
250,000 25,000,000
200,000 =VML | 50,000,000 VM1
VM2 uVM2
150,000 15,000,000 -
=VM3 = VM3
100,000 mVM9 | 10,000,000 —  mvMg
50,000 I I I I mUM2T | o I I I . mvM27
T , | —ufilll =milN -ml -III
0sD3 0sD4 0sDs5 05D6 0sD3 0osba 0sDs5 0sD6

4-19 Read. BS 64KB M1t 7]
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(e) Read. BS 128KB [
OSD H— " EPEREIXH F 0 e L 72V, job £, VM 815 TIiE, job £, VM DB {1
W PEREDNEEING B

IOPS_R : 128KB. jobl (io/s) Throughput_R : 128KB. jobl (KB/s)
60,000 8,000,000
50,000 7,000,000
muvy | %00 uVM1
40,000 _ 5,000,000 —
VM2 VM2
30,000 L 4,000,000 -
VM3 "VM3
20,000 - mumg | OO0000 - mvMe
10,000 I I I I - mvM27 2,000,000 I I I - mvM27
' 1,000,000 | I
0 -l -ll -ll -II 0 -all -ll -ll -ll
0SD3 0SD4 0sD5 0SD6 0sD3 0SD4 0SD5 0SD6
IOPS_R : 128KB. job4 (io/s) Throughput_R : 128KB. job4 (KB/s)
90,000 12,000,000
80,000
0000 10,000,000
60,000 . mvM1 8,000,000 VM1
50,000 . mvm2 uVM2
) 6,000,000 (I
40,000 . mvMm3 "VM3
30,000 —  mvM9 4,000,000 —  mvMg
20,000 —
II 1 I|| i o=l il || I|| -
e | | W | N o Lall ol AN
0sD3 0SD4 0sD5 0SD6 0sD3 0SD4 0SD5 0SD6
IOPS_R : 128KB. job8 (io/s) Throughput_R : 128KB. job8 (KB/s)
120,000 16,000,000
100,000 14,000,000
muvy | 00000 uVM1L
80,000 [ 10,000,000 -
=vM2 VM2
60,000 — 8,000,000 —
VM3 " VM3
40,000 —  mvM9 6,000,000 - mvMme
20,000  mvmpy | 4000000 - mvm27
=l il al Gl || B LR L
. L=l N N C . L=l n u n
0sSD3 0sb4 0SD5 0SD6 0SD3 0osb4 0SD5 0SD6
IOPS_R : 128KB. job16 (io/s) Throughput_R : 128KB. job16 (KB/s)
200,000 25,000,000
180,000
160,000 20,000,000
140,000 —  mVM1 u VM1
120,000 —  aymy | 15000000 -
100,000 L
80,000 [ wvMs 10,000,000 [ =vms
60,000 [ mvmMs HYM?
40,000 I I I —  mVM27 5,000,000 I I I —  mVvM2y
20,000 [ | | -
| L a0 RN .a
0sD3 0sD4 0SD5 0SD6 0SD3 0SD4 0SD5 0SD6

4-20 Read, BS 128KB I D1tH[A]
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5. B&

BS Bl Ci%, &AL LT 5-1 O\ MEZR Tx7-, Random Write (ZEJ L TIT—A9R A hL—
L RSO/ N R T & 7273, Random Read (I DOWTIEFERMREICEL TWARWED EEZ BN D,

# 5-1 BS Bl O MERE AR R

# | ~N¥—2 | Random Write Random Read
10PS Throughput IOPS Throughput
BS 140 BT T Kigizm k FECTIR T Kigizm k=
job EHE N FECTIR T Kigizm k=

OSD #r— "EHRITiL, &ffkE LT 5-2 DM T& 72, Random Write (-2 TlE, OSD
P — R B O NERED A E LT\ D 2 & R T X 7=, —J7, Random Read (22 TiE, OSD
PF=NEHEEZHML THEEEBDR2NZ LD, SEOXNF~v—7 DT I T, OSD #—33 &
REDIRAPEREICHZE L TEB BT, 0SD =& 2 — 7T 7 8325 Z L2 X D EREN B2 R R T
XMool EEZ D,

# 5-2 OSD Y — "Bl DO RE 2 A fH 7]

# | NH— Random Write Random Read
IOPS ‘ Throughput IOPS ‘ Throughput
OSD #— 357 Bz A 1 2ib7e L
job . VM et n KT LeplEg Iz I k-

5.1 Random Write (23317 A ERE A A

Random Write |23\ TlE, OSD H—/ SHEHIZ K D PEREM LSRR T & 7=, MhREm M 2 AT 2
72, IOPS O K% & - 7=/3%—2(0SD #—-36, BS 16KB, job4, VM1)Z{tFE L LT, VML,
job4d T 10PS i a 45 & L 7=,

# 5-3VMLI1, job4 T IOPS fH]f]

BS 0SD3 0SD4 0OSD5 0SD6
1 | 4KB 862 1,198 1,486 1,797
(OSD H— 3 ChrH) (287.3) (299.5) (297.2) (299.5)
2 | 16KB 835 1,185 1,449 1,805
(OSD #— " HChREL) (278.3) (296.3) (289.8) (300.8)
3 | 32KB 820 1,174 1,456 1,744
(OSD H— " CThrHA) (273.3) (293.5) (291.2) (290.7)
4 | 64KB 748 1,053 1,400 1,549
(OSD H— " CThrA) (249.3) (263.3) (280.0) (258.2)
5 | 128KB 558 796 941 1,212
(OSD #— " ChRE) (186.0) (199.0) (188.2) (202.0)

- 28 —




OpenStack on Ceph T##E5F4

[FIKELZ . IOPS Of/IMili % & 5 7= /3% — 1 (0SD #— /3 3, BS 128KB, job16, VM27)7>5 VM27, jobl6
T? I0PS A & FE L 7=,

# 5-4VM27, job16 T IOPS ftH[f]

BS 0OSD3 0SD4 OSD5 0SD6
1 | 4KB 499 614 813 985
(OSD H— " CThRE) (166.3) (153.5) (162.6) (164.2)
2 | 16KB 449 552 701 819
(OSD H— " ThrHA) (149.7) (138.0) (140.2) (136.5)
3 | 32KB 378 506 599 713
(OSD H— " ThrHA) (126.0) (126.5) (119.8) (118.8)
4 | 64KB 357 460 510 638
(OSD H— " CTERE) (119.0) (115.0) (102.0) (106.3)
5 | 128KB 263 365 406 467
(OSD H— " ThrHA) (87.7) (91.3) (81.2) (77.8)

WTIOEE S, OSD I — N TRRE Lo in i cd 5 Z & A5 Random Write PEREIL, OSD
= NN K EBIEICHERER B D Z & D3RR T E T,

F7-. 4% OSD ¥— 3% OSD Disk % 3 5## L T\ 5, BS 4KB BT, (KAWL OSD Diskl
B 7=V 100 IOPS, EHA ML OSD Diskl 5 d 7= Y 55 IOPS F2EDMEETH - 7=,

5.2 Random Read 23317 A M RE A A

Random Read (23 Ti&, OSD H— NN L A MEEEM B A B iL7e b o 72, job £, VM #hn
e B BRI ERE B LT DR A BT, PEREm BB P AR AT 729, OSD H—
6 BIRFIZHIT D, BS |/ME, IKNEOBARTT — & hd LTz,

(1) Read, OSD #—/36 13, BS4KB Ik

LSz BT, 5-1 2 B A&REH 2 A 57X 0 | I0PS, Throughput & & (2 ELBIHYIZHE N L C
WBESICRZ D, % 55 CHEALEE A, I0PS T VM2, 3 BFF(L / — F IVM %78 2 bk
BIERANUEIE 1. VMO BLLERF(L / — REEVM &R 2 MIZBWCTHAIESS 1 R Th D Z &
5. Hypervisor 2 T A HIND A — 3~y RRFEA L T 5 EHERIT 5, —J7 Throughput Ti, # 5-6
0D VM9 5L EIZBWTHAIERD 1 ZRESHEATEY, Fv v aiBERIHNTWDLLEER
5z %,
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500,000

IOPS_R : OSD6. 4KB (io/s)

Throughput_R : OSD6. 4KB (KB/s)

20,000,000

450,000 18,000,000
400,000 16,000,000
350,000 14,000,000
300,000 @jobl | 45 000,000 Hjob1
250,000 Hjobd 10,000,000 Hjob4
200,000 jobs 8,000,000 wjobs
150,000 ) mjob1s | 000,000 wjob1s
100,000 4,000,000
50,000 2,000,000
’ VM1 VM2 VM3 VM9 VM27 ° VM1 VM2 VM3 VM9 VM27
5-10SD #—/36 5, BS 4KB DR {KM[A]
# 5-50SD #—/36 &, BS 4KB FFD IOPS i[A]
# job %& VM1 VM2 VM3 VM9 VM27
1 jobl 5,413 10,730 15,214 32,009 67,828
(xf VML k) (2.0) (2.8) (5.9) (12.5)
2 jobl6 28,336 44,632 50,373 145,427 439,865
(xf VML k) (1.6) (1.8) (5.1) (15.5)
# 5-6 OSD ¥ —/36 5. BS 4KB Kf Throghput(KB/s)fF |11
# job %% VM1 VM2 VM3 VM9 VM27
1 jobl 50,519 102,800 173,806 1,146,594 4,563,478
(xf VML k) (2.0) (3.4) (22.7) (90.3)
2 jobl6 475,814 938,666 1,403,504 5,574,447 18,060,460
(xf VML k) (2.0) (2.9) (11.7) (38.0)

(2) Read, OSD #—/36 15, BS 128KB I

REFLSREIZ BT, 5-2 MO R Z A DM E D . I0PS, Throughput & 12 ELBIRIIZHEN L T
WAHE IR AD, £ 57 5-8L0KEAEL-EZ A, IOPS, Throughput 212, VM2, 3 HE§(1 / —
R 1IVM Z 7R A MIZHBIEEANFIE 1, VM BLLERFL / — RS VM 278 2 RIZB W THBlE

MDLRMTHDZ ED B, Hypervisor TR A LNDA— 3~y RPRFELTND EHERIT 5,

160,000
140,000
120,000

100,000 Hjobl | 15,000,000 #job1
80,000 3 Hjoba 10,000,000 Hjobs
60,000 job8 | 8,000,000 wiobs

mjoble | ©.000,000 @job16

40,000
20,000
0

IOPS_R : OSD6. 128KB (io/s)

VM1 VM2 VM3 VM9 VM27

Throughput_R : OSD6. 128KB (KB/s)

20,000,000

18,000,000

16,000,000

14,000,000

4,000,000

2,000,000
0

VM1 VM2

VM3

VM9

VM27

5-2 OSD #—/ 36 5. BS 128KB D 4 {AAHH )

- 30 —



# 5-70SD H—/36 &,

OpenStack on Ceph T##E5F4

BS 128KB > |OPS 1t 7]

job % VM1 VM2 VM3 VM9 VM27
job1 3,293 6,552 9,565 21,164 40,824
(&f VM1 L) (2.0) (2.9) (6.4) (12.4)
job16 10,066 21,428 31,583 58,606 139,422
(%F VM1 tb) (2.1) (3.1) (5.8) (13.9)
# 5-8 OSD #—/36 &, BS 128KB ¢ Throghput(KB/s){H ]
job %% VM1 VM2 VM3 VM9 VM27
jobl 416,267 836,033 | 1,241,203 | 2,728,548 5,566,290
(kF VML L) (2.0) (3.0) (6.6) (13.4)
job16 1,306,112 | 2,825,728 | 3,996,774 | 7,804,981 19,027,279
(kF VML L) (2.2) (3.1) (6.0) (14.6)
6. &

A 8] D RRFIE O #E P GE ) 22 B &2 20T 72 55A) Tld. Random Read (2B L CTix, & KT 494,491
IOPS(OSD #—~3 3 5, Block Size:4KB, job %#::16, VM:27 IKf), 28Gbps ® A /L —7" > K(OSD #—~3 3
. Block Size:32KB. job #%:16, VM:27 IF) & 9 EWWEREAFHIIGT 5 Z LN TE 72, AL—T v MZ
B L TlX, WireSpeed 2 5 H720 & & > T\ 5HF) 6, OpenStack Compute ], & L < I Ceph /]
TRABDPOX ¥ v ¥ 2 EDBHNTWDRIREMENRH 5,

—J5 Random Write (2B L Tid. BS 4KB Fj{ZB T OSD — 1 H&H 7= 0 | KA T 300 I0PS,
AT C 165 IOPS T2 T 7=, Journal (2 SSD i~ 7= 2R ixdH £ 0 A 513, HDD OMEREICIK
fFLTCWDATREMER EW, 45 % D OSD H—/3X 0SD Disk & L CHDD % 3 A L TWD Z &b,
HDD1 A&7 v MRAMEET 100 IOPS, @ IRET 55 I0PS 22 LB 2 Hivd,

OSD Disk D BNV 7254, HDD Tl Write YERRICFEREN & 5 & & 2 Hiv5, Journal ~@d SSD
B2 T2 <. OSD Disk ~® SSD £ b a4 & Th 5,

B A
6.1 WRAEHIA

AMFE~ETFT HA0IZ, OSD Disk & L THREEWVD HDD ZRESHEZLE 2 A, N F~v—IfER
WM D DR 547z, OSD Disk DFFENR—ATT — X N3, 77 BAR R0 EEEZ 61D
B, BT AELEDLZENTE Do, HREDOEEIZL DML, OSD — a5 ITHNE
F7%A . OSD ¥— 3570 D OSD Disk % B4 S H 7= BEOZEENZ OV TIE, A RIE DAL il F & 2
2D AREMER B D,
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URL=http://www.osca-jp.com/solution.html
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URL=http://docs.ceph.com/docs/master/
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AFT, HHRREOLZ BNICHESNTE Y, MFHFE, FIFEORV ICT—UEEz AV EEA,
AFEONFIFT BT ZL L TEY, TR TORETOMELZRIET 26D TEH Y XA,
AREONBFTPERIEO SO THY | BURE, HURMZHEDT, ORI NAE LRIV LEEA,

LinuxiZ, Linus Torvalds? K[EIs KOV OfLod EIZ 361F 2 B ek £ 72 1XPHIE 7,
OpenStack® X F# 7e & OpenStack ™ v =id, K [EH & Z DD EIZF51F % OpenStack Foundation DB GkpsHE /Y — B A~ — 7 £ 71374
B —E 2w —7 OWFT N THY, OpenStack Foundation DFFeE A5 CTHEMA L TWET, HIZ®AEFTIX, OpenStack Foundation X°
OpenStack = X = =7 ¢ OBHIEETIE AL | FLXESCHE Z 21T TV EH A, Red Hat 1%, OpenStack Foundation & OpenStack =
22T AOVTHRIZLFTIBELTREL T, ARCHELZ T TWER A, 7 /1% OpenStack Foundation & 7213 OpenStack = I = =
TALEFRELTELT, ARCHELZIT TWEE A,
PowerEdge, DELL™ =3, k[EDell Inc.od piEE F 7= (LB GRAGHEE T,
Red Hat3 & O'Red Hatz _X— 2 & L7= ¢ _XTORFIE & o =, CephiZ, #K[ERed Hat software,Inc. > &k pais ¢4,
ALEICHIR ST, Wi, KEFIL, FHCREARVRY . OSCA, ALY Ya—va X Ly By b TADBRRA LT
WET, FRCRIEA R WVIRY | E WELELORER CHEAMT S LIETEEEA,

Yk

- 32 —



