50 220 A gHAiSt= Xt 20GB H|0|Ef XZ 7|s
(CephZ O|Ect U2 AEZ|X| ;x5 9l 29Y)

IO|t AER|X|ZHE SEHA
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1.2 OpenStack

OpenStackl LDAPE 915510 Q15 8l Muiti-TenancyE Mgt

Cinder2t ManilaS &25t0] CH 12 22| AE 2P 2 N 2Tt

openstack

CLOUD SOFTWARE

Ry e

CI N D E R an OpenStack Community Project
an OpenStack Community Project




1.3 Ceph Storage

Cephs LEAA AER|X|0|04, SfLIC| AE2|X|E S3H Object, Block, Shared StorageE 2% X3 EHL|Ct.

| Stateless Application

% Kubernetes

Stateful Application gresss—————s
QA‘_ Harbor E .
D
S (docker registry) I S
T— (log service) - H i
________ RADOSGW RBD CEPHES
Thanos A bucket-based REST A roliable and fully- A POSIX-compliant

gateway, compatible with | gictributed block device, |distributed filo systom,
53 and Swift with a Linux kemnel client |with a Linux kernel client
and a QEMU/KVM driver |and support for FUSE

Nubes

(AILHAEZ2]X])

Object Storage Block Storage Shared Storage

Replicating

Erasure Coding -

- PM/VM

Hot Storage

Cold Storagef



1.4 Multiple Storage Type

CloFst 2|3 2 EE X|R1617| 25101 NVMe/SSD/HDDC|HIO|AZE AE2|X]

Replicating / Erasure Coding 3+/d 8! Local / Remote SSDS2 N|&}

Ul
-]
0x
L],
=

o
£9
o>
r
n

Ceph Replication (SSD / HDD Ceph Erasure Coding (HDD) Local SSD Storage Remote SSD Storage
C2 111 [ee
R | | | || pod pod
- C1 _>C C C C C C : o o :
TN @ | Swewswo ——— - (o) e — _ SSd
c3 111 [ee @ o -

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

= = openstack.




1.5 At AE2|X| M

XEA| 2=l AHLH Object Storage (Nubes) 2| Backend Storage2 A|2&t
Nubes £ £l MistQl= M7 22t M2 9! Mu|A MEH0]| St= AER|X| EFUS M3 E

O ot =1

librados
|
\ migration
(2212t =2 TiYo]| ExtE) Replication Al ErasureCode Al
OpenSource

SATIUAEZ|X] SAIIAA E2|X] SAHIIQIA E2|X]



1.6 Node Architecture

Node Architecture?f M2 £3510{ GB & H|22 =0|1, M =2 JiMEH (12Bay Node)

xo| B4l m.2 / NVMe E£¢! 12T ¢!
0S SSD SSD 0S m.2 m.2 0S m.2 m.2
DB/WAL | SSD SSD DB/WAL NVMe DB/WAL | NVMe NVMe
DATA HDD(6T) * 8 DATA HDD(6T) * 12 DATA HDD(12T) * 12

24TB &2} 72TB 37






= 1)& -‘ A= |
2.1 (HDD) 22{AE M= 0
T &1 Pod2 g El AB|AO|A ME0]| BHR0| SEFSHO] 10 2 S2l= F%

HDD LatencyO|#42 QI AH|A 10 Q5k0| BAHSHH| =

pod f~~— ’
poc ‘(/

7

07} 22|BA| X|H0]

H -
=l

osd I— HDD

Latency2X| 2 Wit2 X2| 27}

=» 0sd I— HDD

pod
ENPS
——&s
pod
LC/HAIE FO16t0 §5S S ME = US
pod SHX|DH Z2HLHH|2 QI8 H|R H|Z S YrAls!




2.1 (HDD) 22{AE M5 0|4

Block Cache= =2l HDD C|A32| ds 21M= 2lol QF CHof| k= CIAI S &1,

@)
°
I0& HX Xz2|gt & HDDZ HHS| writedt= 2 |=YLIC.

~ 50.000 I0PS ~ 100 IOPS
~ 500 MB/s ~ 110 MB/s
= Oj f_\ Y
p Writeback O O

—) | [A/[DD

Random write= S C|A 3 X{2|

(Gp)
@g _

Sequential write= Random Cache& —bypass '
H|HE 4 12| W20i| bypass Al — = OJ

60 GB 2000 GB

https://pommi.nethuis.nl/ssd-caching-using-linux-and-bcache/




2.1 (HDD) 22{AE M5 0|4

Bcache= kernel 3.10 Of] ZLeHE|0{ QUO{A], 44 E(bcache-tools) 21E = Al 5Tt

*dE2 «2 HO|X|2h C|A30} BICHH S8 = 321

« Kernel Module Enable  |nstall bcache-tools
$ modprobe bcache $ git clone https://evilpiepirate.org/git/bcache-tools.git

$ cd bcache-tools
$ make

$ make install

* Create bcache

$ make-bcache -C /dev/nvmeOn1p18 -B /dev/sdh2 -writeback

$ Isblk -o NAME,MAJ:MIN,RM,SIZE, TYPE,FSTYPE,MOUNTPOINT,UUID,PARTUUID | grep bcache
_ nvmeOn1p18 259:18 0 99G part bcache 4190a4e9-5825-4e2e-8a91-026447b352da 07¢c25f99-6d71-494b-a044-618d10efa959

___bcache0 252:0 0 5.5T disk
_sdh2 8:114 0 5.5T part bcache fe715aac-f186-43e9-98e7-11bb0eebefa3 e65062e6-05a4-4d10-b718-15928a008f31

~ bcache0 252:0 0 5.5T disk




2.1 (HDD) =22{AH 85 Ol

19 C|A3E bcacheZ M Al 25

Host (Node) Container
ceph-osd ... —-id 2
read l
bind
ount | /var/lib/ceph/osd/dd961c1a-0a05-4581-af03-77c28fb8fcbc > block /var/lib/ceph/osd/ceph-2/ block.db
moun | ;
link
o ~|-»{ /dev/disk/by-partuuid/4c06c8f6-2967-4165-9e85-fa0382d6ab17 |«
ink .
link
» /dev/disk/by-partuuid/e530dbba-706a-4f2f-91e3-b90b0df3a650 |«
- Id & 2|5E sy HAE|S 2, UUID £ £510{ OIRE T Q| N ———— f——
y 771 sda sdb sdc
- g eI e o RO IC ST
/dev/bcacheOpl e ; e e
// /deV/bcaCheo -----‘-'-.-'-V---.-: E \Siwe_/ L \SE(_/ HDD
/dev/bcacheOp2
bdev0 i
/sys/fs/bcache/99c3ab27-e819-4f18-8947-924¢53045bbc T T For beache
cache0 - - - (35GB)
/dev/nvmeOn1p29
link
............................................................................. -1 /dev/nvmeOnlp6
For DB / WAL
/dev/nvmeOnlpl7 lak)
e NVMe




2.2 22 MH|A on 2o AE2|X| 0|4

I_—

A ME|A = XN SHY A 2 2 G|0|H F X7Fot

=
L ’
=
L

A MH| 20| S2AF AER|X| AL Al B2 ER|D} LSt ElLICH,

2Z CA3 = FMehXQl 2t 0] ALZA| H|E B2 S0

—

18
T
o g
ot
r
L

"R
. Kafka#l - o
T ‘R 480GB 480GB 0S 2T =

Kafka #2 ] ‘ Kafka #3 } 480GB 480GB Kubernetes

@ @ 480GB 480GB
= X-|| %|CH 424
@ @ @ @ 480GB 480GB

3 copy * 3 copy -> 9 copy 0|4 MetMol 24 ClAT £ OjALE Al H|E BIRE




= = AN
2.2 ¢ttt MB|lA on ¢ AEE[X] O] &%
S| =20t XZS5H= (1 copy) Remote SSD StorageE N|2610{ 2E Qsh 221 LHH| M| A,
Worker NodeZ}0l A| G|O|E] B EE|0{, HIZ AMH|A XYIH Ot

A Node failure

K8S worker

K8S Worker #1 K8S Worker #2
pod

Rescheduling

multipath d
\ Kafka #1 } -------------- @ pod P
P iscsid
~~~~~~~~~~~~~~ data / data

T Y

Kafka #2 1 ‘ Kafka #3 J ‘ ! / \ E

, tgtd : - N

@ @ lvm : :

I PVC-dataO ------- -

Disks (raid5) o -
Remote SSD Storage ) j
- L E X[ Al G|O|E&{= EE&|04,
1 copy: X7t 2H gl o oS OF2 Shoh (UHd| x| A St

ReschedulingA| A{H|A XHH



23 AE2|X| Z49| HAUKO

MH|A Z0{ 5 S40| JHs B}

=Me & M1 PG (Placement Group) S2t X0 2 LREIL|CT,

L]

Objects (chunk < 4MB)

T S

L& =M (Reallocation)

PG Split (2048 -> 4096)
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LS XHHHX|2Q1SH C| A3 DR & =J| 2X|2 ehAdst
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—Ai . PY
2 S8 AR e XX £ 2 XIdH (osd_max_backfills 1) e AJ|YO|AEM XA WO
/
(0B 2Y &) - ASE =2 S AIRFSX (Yol ) + AO|= E1|0|E1 > EHEE|= 22t

ClA3 OIR & S2} - ”
|| C|OfE
XHEHX| XHEHX]
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23 AEZ|X| =MOo| HHAIKO| 2|

O = = 1 - L
Compute NodeX{2l £Q| A| HI2 Al Jt5SE 1 XS Storage 0| = X 2¢t
Provisionerg Soll 284d 221AEE X|785t= WAl 2 X{HiX| §l0| 40| otz X2 P&
@ storage class : rbd-hdd
K8S Worker #1 K8S Worker #2

provisioner ’ default : cluster1 -> cluster2

. AN
—’ —’ Ready
LE BE A MR E EQ(AF L E= HEZ MH|A JHs AEH) Xpo1 =0t
T
w
60%
_ ) e S

Cluster 1 Cluster 2t Cluster NtH



3. Operation Tools and Tips



3.1 Coordi-Reweight

L C 54 XY F Reallocation Y2 Fot5 Q0| RSN, MH|A 10 o= Fgks DX &
10 MEHO]| 2t B =S THEHSHo] MU| A0 A2 £ AP 2EY
weight0 2> 6

hﬁﬁ} 12Bay ' E CiQ| E9! A| 3~6Q H2|0{, £E2Q! = L E X0l CH20] 01242

— weight0-> 0.1->0.2

___,__; i crontab 55 £ ¥ tHelIY 3 B2, slow request Tl A| 2|21 CHS0] 0242

j A" o -
~ e + Reweight Z4/2H £9IS X3

: : » Max backfilling pg 4= Xt > Client 10 Y&z 244
Coordi-reweight . Slow request Wi Al SX|/HIAI

+ OiE A= AlZH2F S5 > FARIZ A S




3.2 Coordi-Split

LE =43 PG Count £ =201z TQGICH SIS A|2{0f et

=

PG Count = AIX| Object 0| 0| LME|OZ, MH|A 10 0] P32 £|Ast AP | = oto] HQFt

( Target PGs per OSD ) x (OSD # ) x ( %Data )

PG Count

( Size)

Target PGs per OSD This value should be populated based on the following guidance:

100

If the cluster OSD count is not expected to increase in the foreseeable

future.

200 If the cluster OSD count is expected to increase (up to double the size) in

the foreseeable future.

Doubling the PGs (e.g. from 8192 to 16384)

$ ceph osd <pool> pg_num <int>

$ ceph osd <pool> pgp_num <int>

e pg_num : splitting
* pgp_num : rebalancing / backfilling

but there are several warnings in blogs or mailings lists, especially for production

environments.

Doubling the PGs (e.g. from 1024 to 2048) may bring down your ¢

uster for

some minutes,

because creating, activating and peering the new PGs may strong

your client’s traffic.

y influence




3.2

DN Hel=
1287l O| At

pg. 9
pap 9
pg 10
pgp 10
pg 11
pap 11
pg; 12

pap 12
pg 13

pap 13

pg 14
pap 14
pa. 15
pap 15

pg. 16
pap 16

0sd.0

i rc

O
O
=

-Split

3ol

o
°

o
=

O}’.. Y

=
2w

1714 88| pg 124 Al 7412] O} Ayt

Z0|=X|0f| Chgt & 1t

7H%. n7i= i

=

’

ol Ol =5

0sd.2

pg 8

pa. 16

[

pap 16

from
PGs

323
324
326
330
338
354
386
450

578

1280|4F HA A| 3% misplace &

to PGs misplaced
(%)
324(+1) 0.10%
326(+2) 0.21%
330(+4) 0.41%
338(+8) 0.86%
354(+16) 1.63%
386(+32) 3.38%
450(+64) 6.49%
578(+128) 9.82%
834(+256) 13.25%
0sd.0

misplaced
object

1620/1598703
3294/1598703
6612/1598703
13806/1598703
26003/1598703
53979/1598703
103677/1598703
156965/1598703

211857/1598703

0sd.1

max
backfill

18
28

45

max osd
duration

0.24

0.34

0.67
212702
1.406066
2.09012
3.148092

4.038161




3.2 Coordi-Split

Ceph 2| Autoscaling PG & SAleh 2|50 =,

Al g &l backfilling pg = OILHOIA pg_num,pgp_num = 278 HRIZ 3P I= 23

Current pg: 1024 Target pg : 2048

%///////////////////////////% SHHO|| 22| £/ 10 71 YHAIZE HE E|= SX|D} LAt

— pg_num 1024 ->1025-> ---

%/////////////////////////////////////////////////////////// crontab 55 £ ¥ tHelIY 3 B2, slow request Tl A| 2|21 CHS0] 0242

A . o
e .+ split 37t 9IS X158t

« Max backfilling pg &= A|et > Client 10 Ygafe 2ta
COO rd |'Sp| It e Slow request l=é|'kcl'>| Al %Il/XH*El'cZID'I

+ OiE A= AlZH2F S5 > FARIZ A S



3.3 bucket-pinner

CephFS 2| MDS Balancer 7|52 10 X|912 QA7 A&
Cephfs bucket (share) 2 £ MDS £ XIS pinning AIPAAFT= B &

num_requests

req_rate =

the_time_span_of_the_requests

queue_len = messenger->get _dispatch_queue len()

(utimne+stime)—(last get load utime-+last get load stime)
now—last get load time

cpu_load_avg =

double mds_load_t::mds_load()
{
switch(g_conf->mds_bal mode) {
case 0:
return .8 * auth.meta_load() + .2 * all.meta_load() + req_rate + 10.0 * queue_len;
case 1:
return req_rate + 10.0*queue_len;
case 2:
return cpu_load_avg;
}
ceph_abort();
return 0;

mds_bal_mode : 0 hybrid, 1 request, 2 cpu load

2021-06-27 2021-06-30 2021-07403

mds.ccreall-hdd-01.ceph
mds.ccreall-hdd-02.ceph

mds.ccreal1-hdd-02.ceph

mds.ccreal1-hdd-03.ceph

mds.ccreal1-hdd-03.ceph

mds 2t X|=5

%4 0|
g -

migration S & 9I5| io X|




3.3 bucket-pinner

MDS = &2 MDS (=2 10) 2 22 MDS 2 F4E|04, hot standby / floating standby 242 Sdlf 2124 =tH
o=

Subtree pinning 2 Sdlf bucket 2t mds & 11 HA|2|04, O] = bucket-pinner 2 =1 A

Mg MDS

Floating Standby

ol

()

=2 MDS

MDS#1 (Hot Standby)

Floating Standby

MDS#2 (Hot Standby)

MDS#1 (

B>
oH

)

MDS#3 (Hot Standby)

MDS#4 (Hot Standby)

MDS#2 (ML)




3.4 Performance Monitoring

= OHIEE= AL K| MIXME So , =8 Y =0ls 2lal 2lE HHel2 X2

H
Prometheus - GrafanaE &850 2L|E3 S0|04, Tt~ ExporterE 2HLSH0] AL O
1

AL G| A 1SS 25l Grafana webhookAMH S 24510 2
— LLo=2T = = o g— “ 24/7/365
A
27h/2u
. O . G L

Prometheus Grafana  Webhook




3.4 Performance Monitoring

ME|A 27| SY9| T2MHHIRA AHZ BE= S2HAEL| 5 HIOEHZE 8

AX|
| E210| QHOFX|D{A] QF AXI A X 0| BXY| XS 0| BHAEEID| A|ZHSEH

stat 2
Y YT E N

88 =Hl
HA K| I E|X| S > 270 7|
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4 Performance Monitor

D=3
M| 2L E
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oh=0ll 2kQlsho] 2lsto] =22
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o
o -
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=Z 22 2H4N

=Z S AH#2
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3.5 Log Monitoring

=2 J1=0| AIZE|HA IDC2H 2 M£0| giilist
271 WA IDCOIA H2| 2 Alert Eventt HAE|S 71X 2 WA

-
ol|2|IDC

@

D

.
® AN /
@ @AFLH 21 EHE




3.5 Log Monitoring

PLG Stack= =Qjot1), 2 AEE 2= fjot= 122 HE
Promtail Loki Grafana —~
Promtall Grafana
Node #1
__Query log
y fluentd - elasticsearch K kibana w
Promtail 4
A X| S X3S % .
TS 12 s Node #2




3.5 Log Monitoring

BoltDB2} BoltDB ShipperX| 92 S30t )00 | okiqtE0| IHs8HE
Ceph Object Storage S3 APIS Soll A|lH|A 3=

Index Storage Chunks Storage 3

{cluster}-1loki.navercorp.com

- = {cluster}-ceph-rgw.navercorp.com
(3 3 Querier Querier
‘{»w ‘{»% Read chunk / index l N o

cassandra cassandra s3://loki/index/index_18675

Local Grafana l Add datastore

Yy

Read

it ok e | : s3://loki/{tenant}/f3b5caed5c2e4a9b: xxx
4
@ e Ingester Ingester

-
- -
-
Teoan

-

BigTable GCS (Google Cloud Storage)

Amazon DynamoDB Amazfn S3 {CIUSter}‘l,QKixQQXSﬁw&E/‘\

i BoltDB Shipper Promtail Promtail
. TAdd Tag T Add Tag
BoltDB : embedded database on disk f ,
Ceph / Sys Logs Ceph / Sys Logs
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