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Abstract

Abstract

The 21 CentiMeter Array (21CMA) is a low-frequency radio array built under the
auspices of the National Astronomical Observatory of the Chinese Academy of Sci-
ences (NAOC), and is also China’s pioneering equipment in the low-frequency band of
the Square Kilometre Array (SKA). In order to give 21CMA pulsar search capability,
the National Astronomical Observatory is upgrading and remodeling it under the spe-
cial funding of the SKA from the Ministry of Science and Technology (MOST). The
upgraded 21CMA will generate several terabytes of data per hour. To solve the problem
of receiving and storing massive data, the 21CMA project has introduced a low-power

parallel storage device based on the ARM architecture.

The data storage system of 21CMA will include tens of sets of low-power parallel
storage devices, each of which contains multiple server nodes and hard disks. Deploy-
ing a distributed file system on tens of low-power parallel storage devices is a complex
and huge task, and relying on manual deployment is not only time-consuming and labor-
intensive, but also fails to ensure the consistency of the cluster configuration. In addi-
tion, 21CMA is located deep in the Tianshan Mountains of Xinjiang, which is a remote
location, and it is very difficult to rely on manpower for operation and maintenance in

the later stage, and it is also impossible to guarantee the timeliness.

The research objectives of this paper include: standardizing the deployment pro-
cess of storage devices to achieve consistency in system configuration, while reducing
the time cost and error probability; realizing the failure recovery capability of data stor-
age devices to address the reliability and reusability needs of the system; and realizing
the unified monitoring capability of multicluster storage devices to make the system

more convenient in management. The main work of this paper is as follows:

1. In response to the complexity of the deployment process of 21CMA data stor-
age devices, this paper proposes an automated deployment module solution based on
Ansible. This paper automatically generates the node’s ID in the distributed file system
based on the node’s IP, and automatically completes the deployment of BeeGFS based
on the user’s assignment of the node. This paper also provides a user-friendly interface
to facilitate the management of the cluster. This module ensures cluster consistency and

enhances the ease of cluster management.

2. In response to the stability requirements of 21CMA data storage device cluster
operation and the inconvenience of operation and maintenance caused by the environ-
ment, this paper proposes an improved automated fault recovery module solution. the
original fault recovery capability of BeeGFS is limited, and once both nodes of the mir-

rored group fail, the data will not be recovered. This paper adds a standby node to the
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original node type, and realizes automatic node replacement and data migration through
a series of operations such as modifying configuration files. This module enables the
21CMA data storage device to ensure system availability and data integrity in the event

of partial device failure, and at the same time to reduce the need for manual intervention.

3. For the resource monitoring requirements of 21CMA data storage devices, this
paper extends the monitoring interface of BeeGFS to realize resource monitoring in
more dimensions. the original monitoring function of BeeGFS lacks the monitoring of
the storage usage of the cluster as well as the hardware status of cluster storage devices.
The module obtains the usage and hardware usage status of each storage node through
remote invocation, and also summarizes the operation status of the original nodes and
the standby nodes mentioned in point 2, the cluster I/O rate, the fault recovery log, and
the cluster storage capacity information, and directly displays this critical information

to the user.

4. Aiming at the multi-cluster characteristics of 21CMA data storage devices, this
paper proposes a multi-cluster unified monitoring module solution. In this paper, the
monitoring data collected by the BeeGFS monitoring module is categorized into key
data that can show the operation of nodes and other data. The module obtains key
monitoring data from the monitoring nodes of multiple clusters in real time and displays
them on the front-end through a centralized page. This approach not only saves the time
to view the monitoring page of each cluster, but also reduces the risk of missing critical

information.

The research result of this paper is to propose a series of innovative management
schemes for astronomical data storage devices and construct an operation and mainte-
nance management system, which integrates the automated deployment and resource
management module, automated fault recovery module, individual cluster monitoring
module, and unified monitoring service module, and effectively solves the shortcom-
ings of low-power parallel storage devices in terms of consistency, reliability, and con-
venience. According to the test results, the deployment module is able to complete the
response to node management and software deployment requests within 0.4s, which en-
sures the consistency and reproducibility of the deployment, and reduces the time and
labor cost of deployment. The failure recovery module is able to complete the system
data initialization and startup action within 50s in BuddyMirror mode, and the data se-
curity is improved; in Raid0 mode, it is able to complete the file system reconfiguration
within 10s, which reduces the system failure time. The database stability of the uni-
fied monitoring module is good enough to meet the needs of 21CMA’s multi-cluster
monitoring.

How to scientifically process and store massive astronomical data has become an

important issue in astronomy. It has become a trend to use distributed file system to
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Abstract

store telescope data. Starting from the needs of the 21CMA telescope, this paper pro-
poses innovative solutions in the storage and management of astronomical observation
data, demonstrates the potential and advantages of customized storage systems in im-
proving the reliability and efficiency of large-scale data storage, and provides valuable

experience for similar low-frequency array radio telescope projects in the future.

Key Words: 21 CentiMeter Array; Operations and maintenance management; Moni-

toring and visualization; Distributed storage system
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Figure 1-1  Status of SKA

RS B, R AR AT R A B E . SKA iY77 SKA-T Hil SKA-TT
PIABTBedEAT . SR — B BOE 04T 5 B4R FF L AR R B2 BdE 2928 710PB(Guo
45, 2023), SKA W a4 Bl Al SOt SR ok T BRI

fikop B8 52 SKA-T prEemy w2 pl sy Binz —. E A VF 2 5 i B A B
JFRET ke B8 S 05%, A ASKAP (Australian Square Kilometre Array
Pathfinder ). K FI Y BR27 7% Fe 034 4% (Murchison Widefield Array ), Eg3EAY
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Array) SESGIKFESFIERES & 0 H HCHUS— 2 1 BUR .

112 F+2R 21CMA FriE s R 2RI 5 71 5] =R
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PA—UOUIN B R 25 B KR IRk, KR LB RS E B AR SR PER, nJRA
ML EHE R ISR SR . 2ICMA A R LA, 50~250MHz, 2 H i
ME— ] DA RO SKAT-low fiF# 4RI, M Se U ikt 48 S TH 16
(E[1°F, 2019; Zheng 2%, 2016; Jongerius 45, 2014), {H 21CMA H §il i A B4 ko
UL RE
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Figure 1-2 21 CentiMeter Array
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0.3~115GHz, %51k 24GB/s. FEfifi Ty 5820 32 AT S 4 MR AL,
AT R FE 36 A~ 6TB ByREAL, FCHEH 3 44 RAID 6 [4%31, 41~ RAID [4%]
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5 GBT MFMBHRIC KRG . FE )7 50 27 AN S 4 MEET R, B4
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3. HrEE R A FE LWL 55 25m 5 B2yt (NanShan Radio Telescope, NSRT)
Sl fE AR RE] 26m, WLINATIAR 320~2200MHz(XI| 75 4%, 2019). f7fif R 58 A
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8. MeerKAT Hy 64 METE K22 2H 1 . MeerKAT K& B FRANENE R 55
AEWAS R 24y« Filterbanking Beamformer User Supplied Equipment (FBFUSE)
F1 Accelerated Pulsar Search User Supplied Equipment(APSUSE). H.#* APSUSE &
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B e

—ANEEREEERE, VT AR A7A% FBFUSE A= iiid 514 280Gb/s 1) 454 . FBFUSE
F1 APSUSE 3t 52—~ BeeGFS 43720 304 240 Y 3.5PB B9 A S SCH-A7 66, 1%
ZYRES T 3k S0GB/s [ 10 i3 (Padmanabh 22, 2023).,

12 RIES TR FEERERLREE

SRR C @ BUN R B G AR R R B R —. ME T
i MR A TR ARG K, FAR e B RAEA B, BRfehif 5
B REREM W BN T R A — o ey ek A0 A7 0 A A B 1) RE A B
PR SCBAE A7 SRS BT i — B0

H il 5 F B s B 0 A7 i 4 R AR B i S &R e . A2 58 431 23
FRGVA x86 ZEM IR 55 a4 M P, TEH A& S0 R4t . x86 ZEMTELE
FAETTAER N )z, &l TRk, AR g, #5355
LR . SRTT, x86 R AL PRI 1A B M BERE, TEALPRR AL BT 55 ™
ARG, IXIGIN T HCAFI R A . FE RSB AT B, R x86 4244
R55fe 2 FEAENA . YIRS I AT A m AT

SRR — ), SR T IRIREH AT RGN MR T % (F % 45,
2023). A EIEZ AT R S M F RS A, 2 TR A
M55\ Zeami £ 17 9] DA B AR 0 28388 15 1 e i 45 DA S FR RS (it il 45 . o, 4
AT ROR AT ARM B2 R0 Ay HAZ OISR T, ARM MR8 BA
BV, TIHREARIIL A . B T2 5E0A x86 A4 A% L 2 1 XU i R G BT T
ik A B RE o A o FH A B2 ) O ) )

RIFEFHATFE M R G B B 3R 1-1 foR. 78 21ICMA W35, %
DIFEIATAAE L& O AT ERIRVE Y o5 . WERIR T DAis T 2 R ER S, BIEE
Jr iR Raspberry Pi OS (HF5 A Raspbian), DA S HAB Linux %4740 Ubuntu,
Raspberry Pi OS 1 Ubuntu #[5 /25T Debian 1) Linux &47h, Bt e 135240 [FH
WA QAT DM A a4 . Joit k2 fE Raspberry Pi OS 872 Ubuntu 255,
PRI DA — B0 i 1B E R G BT 55 .

AR IR SKA LIFHHHRR AT HEZ —, HAICELH T GB/s 95
B AERE, ATAE L 21CMA TR B iR ek

*1-1 AFffBe s REPRE R

Table 1-1 Hardware information of a storage device

HE{F e A7
5715 5 AR 4B

hEft: 20TB SATA HLIg %
AL H3C J5 JE sl




Hilli] 21CMA {AM A AFAE A IR e T 5 92

1.3 FEHRAS

IR, 21CMA Bl il R GRS RIFEIH AT At s
HIRE RN Ik . I L, 21ICMA (i X, 77 S a s AT et
SARFME . B ARIAFE A1 27 R G X A B R AP iR APl
LRI, (E2 S 21CMA Rl ORI il 2 i g . 52
e 3 B AR A 0 11 A 2R 8 S i i A i DR AR E i AT, a7 2%
HAEFAT A RGOERCE . BRAFREST . RECFRE ) = gt — 420, il 1-3
B, ASCHIBESE H AR 2 S FHIRTIRE 0111 2017 2R 8 I A S a6 O B

%ﬁﬁj}g | g

Pl 1-3 T ARM REIA-fif RS
Figure 1-3  Storage system based on ARM architecture

ARSCET ARG A1 A7 ik 2R G e S B A AR AR D7 T R A AR ), 4
H— i gEE BRI TS WAL P, AR S s gk
EHARGE, SR 21CMA Bl s B g B, asfrE B, Sos ey i
o AL EEGFENEWT :

L Xt H i 21CMA Bdfa B ORITF il 7 SR UEAT IR T, AR #e 01 20774
RGN A S ATAERI AR o R RTTAN o Mr i A rh b H 0 D, I G e 395 /2
21CMA BRI I RETR K . R THIRIHRE 7311 577 il 2R 48 b A i i 45 1)
(S, Bt 21ICMA B P s s 4 ARG, 1R H R GA I
BRACHI R TT 5 -

2. YT 58, BISERORT RIEFEGERIMEZE S T R il X 8 e
Wi, HESGREE M T A, SCHEE R A sit; X BeeGFS &y ] 5k
B AT, e G RER TR I 2 1Y R, SE8L A SRR s ity
J€ BeeGFS Wik 1, L2 4E LM il S e, EilZ
Mg — Hifs

3. MG 21CMA Bl 3 5, O ARG 5, A ERTE b
IS 8) S SR B M . RE PR [ i S A i BRIk A BE T A9t 0k
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s I 45 S P A BB ST 5 R S P S0 R 58 52 B
LB RGE, FHR IO

L4 T4

B G VAN Rt K

F—FONE, N TIRERNRE R, BmBdE AR UK AR 21CMA
IR ARG RARTIR, B TS H R RIS .

BN G B AT T, MR IATARESAR, FHXHA
Fri A s SR G T AT, BT BeeGFS 1 RIFEHAT A7 i st as
P T 56 o

= EON 21CMA Bl st sz 4R BTG, Rk T 21CMA Hiify
flA oK, AT T ARDIREHAT A B FIHOR A 0 A1 250 22 48 BeeGFS (A
JRZAL . IHHEILEERS b, X 2ICMA BafF i is 48 B 28 M . D RERLER AT
THREBT

BVUEN RGBT S, T T ARG BRI bk
BT LA, Bl 7 RGEIRE, SJaEgIRIT T Unfx} BeeGFS 47
PREAE R -

BHENRGN B, T ARG ERITR, HRIEIER B 5
T — ARSI S AT T s

FNEN LT TR, RASCNAM R, LA T VA AT CABGIERI
HINER .
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52 5 AFEOR I R A A S RGN H AT

B2E HHEERFARSHANHREMELLS

VERRAAE T eI, TRELE A% B R MR . v =,
PERE. AT, BURPRITS . B HEAER K,

21CMA X it v = A g R R R, /PRI TB 9. A TR &
PRE T ORIEIREIE, Rz Z R ME, 21CMA Bk 1565 75 2
AR RS BIR A EE. hT ROk 21ICMA Fli i e e MR AN,
21CMA BHRAFREFI T 7] R 50 35 2A B« TUR TR EAIL .

REERN UM AR S, HEXF LR AT 201 S R G it A 140 it
XS, BEPEE T 21CMA BREAEAH 0 A 24

2.1 FERARSZE

AR 28 184207 3 BRI 73 AR 2R = A B BOR AT
IRMINE

211 EHEFEEMEFERAR

R R G AR M IR W] o M EIE 7 (Direct-Attached Storage, DAS) .,
Tifif X 4k }9 2% ( Storage Area Network, SAN) Fl 25 Bt hinf7fif (Network-Attached
Storage, NAS),

DAS RHAFE Al /N L D B 2l ia 5 EVUIE, HEUE S .
A TR A5 RE MO IR 9548 CPU A 1O S8 %505 B 4P &g, FHEXT
RS A AT, Bl TSRS, Ky AR, fuax—
) Ty 2R R AR A Y. IR 55 A b o B ok, R dep 8 B, RIFE M 2%
(Storage Networks )

SEIAEAE I G TR T . SAN I NAS, SAN il G247 iH e B AR 15 5
ML, IR v AT B A, (FRARE T S R R, ST
WA RE T HAY AR e KBS B 32 B . NAS K5 A7 i i A il i e
[ 28 SR FNEE R TS AN B IR 55 A5 BUIRSS A 560, SCRpis V-5 SCFIE =, 5 34
T RGEAMUBRE T RIS RS, 0] ORI T R i e =50 248, 2
T RIEIAE A BT K, (BFEBIR SRR R, BRFREIEE P8R E
s, AR EAER 10 3K, WIREHFER K. H M REX FHET
CHEHARGNIE . SAN SRR AR AL P SCAFEEE s T NAS &4
I IR 45 as i ot P 28 e i L AN SO R GE . A, MBI HII MR,
SAN F1 DAS ik 8l , AUHFRIESCAF I, NAS WSO &4, fili
FPRAEFIAL .



1] 21CMA 101 S AP s 48 AR G T 5 L

2.1.2 ARBIBHRHE TN

FABSASER G T ] 73y =R Pt SCPRAEGE . W 5q7 il
ANTAAGIE DT, Pk a = A B =R R T 48 -

BRATARRF R 0 RS R /N Bk, B BRI SE S SRR R IR B Y
X AP RAR B PERERMIRAE IR Y T, 1 & 5 PO S #R AR M AT,
e A SRRl 55 B AR Y o SRAFE 2 T4 B, INIIHT A BT DAJCSE 9 TE R
GAE .

SOk VA ST RN SO Je i J= R G H SR L s, T P o SOk A 5 1)
Wi o XA IEHAET HRMNG TE, SR 6 SIS, 38 & SR
RIS 35 . SCPRAE i R GE R AT BOR AT AR T IRCR , T
S ) SO EREE

XERAFARR 25 DAL P B 25 H SR AT RS . AEXF AT R GE T, X
GO/ NFHREIC, BN RS EIEAICE, SR Z A S XAy
AR BRI AT I, B RIFRYa I RN R . X GAr il il ik
BAFEIEL, FTASEBL BRI N B IR . W RIAER RS G T
SAN 1) fm il ELIE S M M BB R DA B NAS B JE i, TR 173X
PIRRTF SRS o

X =T IRE R SR 57, R 4L 745 B AR T 5 . B iR
AT HERERURAN ], SO E S SRV BESCIR X G L 1 K
B AR A DT ) B EE B R R I FoR 2 REME, i GiE
PR T3 AN T3 i R PRACR AR SAS A B 205 3

2.1.3 ARBTFEZEGE

AR BORTE IR T LA A = b ARGEA A BRPEE APt . A7

EGAFREE TR 2 W B s, Rk Shds (HDDs) #[EZSEKE)
(SSDs), DA AR . X4 AL DAS. SAN. NAS $2ftffnfr
fitt. RGP ROR G Z AR AR, FIRTRE T 5

BpksE LAT# (Software-Defined Storage, SDS) J&—7ft H 2 #iiA THITFEAA
ENY AR P g AR BRI 55 (Carlson 4%, 2014). SDS 38 # i I i
HERY IR S5 e, Sl AR SR A PR BT  [Ro SDS A7 fif ik 55
BAERESC, AT RABRSEE Y AR oK, B P A BB T Al 1 A TS A 45
. SDS HA R, fii. msyiis. o, T EHrmaEf:, SDSEAA
RAS I AL -

ARz IS5 RS R B A A BT, T DA LRI T s ) . X4
PG IR AT DASR LR A . SCPFAF A B A8 o 25 A T DAAR TS 5 K4 D B¢
W AR R FH, mT RS RARE R S R O I,
HAR ] .
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52 5 AFEOR I R A A S RGN H AT

SDS il i FFAF BRI SREE 0 B, THBR TR S A R o, X2
UTAESR I BAARS, HFHI I 7 2R e, AR S (GlusterFsS,
Lustre. BeeGFS). 73X gef7 ik (MINIO). M HLfrf# (Sheepdog) HIGE
—Ff#fif (Ceph) %, M1, BeeGFS JeirSe4F i kT i AT R L2
—, 72 VO WER T 5, FERTERETTRAL ) 2300, irst
AFAE R SR B o A il Uk B 9™ 2 R

22 RITHHAXGRESTRIILL

LEAFH BRI G . B PR DLk S DA B 21CMA Bl it A5 150 17
T2, 21CMA JZ R s S RGO LA R G . AT Bdlsr
MABIE TUREE . 15 BN AT 2 XS R 48 GlusterFS(Boyer 4F,
2012). Ceph(Weil 4%, 2006). Lustre(Braam, 2019), BeeGFS(Abramson %5, 2020)
4.

2.2.1 GlusterFS

GlusterFS J&—Fi a4 e M 25 S0 224t . GlusterFS 2244 %A Toadi ik 55
fedlfr, HEZAM DSR4 (Brick Server) 1% iz, GlusterFS i
FFE— D IEBESF R, RN Glusterd, B TTHC EAM4ET A SUERSE .

B (Brick) 1% (Volume) /& GlusterFS H M2 DARE . HUR A5
AL, BARER T HEERIMEN . HETERS A E— D H%. 2 AT AA G
WG . &2 AEa MR, B2 GRS &) DUE S AR SO RS
HHW TG . AN R

(1) Distributed Gluster Volume: 43753 #:, i3 hash B ¥EFEHL 17 2
HRARTE L. R BFEEHEhE— b, MARFEEEZ .

(2) Replicated Gluster Volume: & ¥ (Z3{0l RAID1), FIAEA0EE T4
P & A IR S # g, W

(3) Distributed Replicated Glusterfs Volume: 43752052 fil 3, U FRAEER 1Y
SR, BB RI A B AS 2L

(4) Dispersed Glusterfs Volume: 2445, FT Al550, B2 Hu
R gmS g AT A5 A, RS T — 28T .

(5) Distributed Dispersed Glusterfs Volume: 73220454, BB &1
FEA IR 55 e B 0 e R AS A, A1 =CRn &2 il X Zh g

GlusterFS i |0 i 5 753¢ (Distributed Hash Table, DHT) i >k e 5t 2]
8 BT RE SCIFECH SR IR H ;. (A B3 52 il (File Replication, AFR) 3k
PREFSCHHRAE, SCIBS A 5, WRBEE %, Bl fhZiE KR HAE
1B 25 BIA PR P e dess . 8B s G0 Rl T 48 (Erasure
Code) B35 W MOV BARHN —ER 5, H b3 Le 45 7w A IR BY
TUR e, IR i n] DA TR A Ailioe oy HoAt B BRI



1] 21CMA 101 S AP s 48 AR G T 5 L

GlusterFS $2HtR) 2 M e 1 LA R = S AR K. - fi=lE nirst
WAEZ MR B3, PASERE TR a1 i o S HlE M A BB o T 8 r 7T
BRI, 15 T REREHRE S« 2 DIREIMET R R ST A7t A7 I E 47 10
fbo A, GlusterFS SZREZFhpil, HE NFS, SMB/CIFS #1 GlusterFS 7 Bt 1))
VIR, (EHRENE 5 MR A, I B3Rt T an 21T A Al Web Fim, fiff
15 FGE ) PRI ] B S E

2.2.2 Ceph

Ceph @ —Fhm AT R M AR R Se, SRS PR SCH-fEifhe
Wt B R i 2 4 PRSI IR I 2 FEf e 7 oK . Ceph Y ZEHE & 2 PO fbly
EhEes (Ceph Monitor, MON) . & HZs~Fi 2 (Manager, MGR) . X
SAEESFIPUERE  (Object Storage Daemon, OSD) . JTA#E/ 45 (Ceph Metadata
Server, MDS) PUA~FEAFF . MON 4idr 4Bt . OSD 1 A A4k
P, APRERAE W] WK . PP, TR A A OSD Sp4P AR AY O BeRE I
AE BB AL I B AP BEES . MGR TSt AR SERE TR RERI ST 80, LB 170
FIFHZ . YRR R I RS k. MDS fEEA 6 S0 240 H 31 o o5
AE B

Ceph {ii Jfl T~ CRUSH(Controlled Replication Under Scalable Hashing) %},
CRUSH 5342 PG Wik OSD (it #e, —A~3C#5 AF| Ceph B}, &%
R R

(1) ST sepimesd axt %, R —4RE—1 objectid (OID);

(2) %t OID 7 fii Bams 7, #5854~ PG (Placement Group) %=, H) PG_ID,
PG MR MAAAETT i, RN FEE 3T s A BN B v s, PR gk
PiE| PG pBHERER), X2 B EENALE;

(3)% PG_ID {34 CRUSH_HASH [{#i A , it CRUSH_HASH(PG_ID, OSD_ID,
1) 15— FEVLE. X T A Y OSD HIA AT A 3 PA%EA> OSD_ID X [ 1) fif
LA 2 AR, e el K OSD, PG s frf7#]iX A~ OSD |

(4) EARmITHE S REETE Ceph 2 i 58 T, 2 )5 Ceph & i F 2 FLHz
ENLEAR) OSD, #ATEEATIEES .

CRUSH B3 MBS E—ME(E, HEFRZET VO #5K M 2
B o TR E I B — A3 Y W, AR e S ok Ry, —
AU R X A EAE 2L B 5 8 Ceph RFBE 2 WA A B4 BOR IR Sh#R . TR
BB S L2552/ N SR B 4 -

Ceph 7E#: LUZFRML T S0 W5, PUFEtaseRe ), (BT s, #ErkE
RGN . Ceph #4417 RESTful AP 4211, fuif H P B EAEXT RPN AFE 4L
P, BT RIBEESEGE, s 606 Sim. Ceph ] AR HUR &8 1T,
PV HEWL BRI 55 8 B3 2 A Ceph fEA#4ERE . Ceph 114311 2 SC{F
FR4. (CephFS) K SCEFN H SRAE MR GAFM /310 X S A7 #5_F. CephFS #i|

12



52 5 AFEOR I R A A S RGN H AT

I MDS {46 7 SCHBRAERPERE, FTRAMESNARIERY POSIX A SCIF R Gt
.

2.2.3 Lustre

Lustre 52— PERER T 2SCHE R GE, 9012 M T KB4 71 R R
B, BEMS TR AN PHLE I vy o 9 245 LR BT R R Bl WA
LIPS € AR

Lustre SCPF RGN I 2L G SeBam i 5 s mocids HAs . XrR
AR S5 A AR AT F bR . DA 0 o JCBSHR AR 55 45 D DA R A BE SO
JUHHE, ANSCPEAL . H SRESARURE B4 . A ocidi s ds Eah — iz
AoeEdE AR, JoldE BARSE PR CRE . X R AR 55 a4 id DT it UK
YA IR S5 4% . BRI RAFGE IR S5 4% 7] LA BEZ AR QA6 H AR, W RA7# H
PR S BR R SCIF R A SR, ST A2 ARG, IR R A A A
ZAMGAF AR 7 i it 1o T 1) 285 ORI A 55 e RN S A A 55
WAE, SEBUNSCPF R GE T AR

1 Lustre 71, H SRS G ) i OB AR 55 4D o« SUPFRT A
H SRR R B 23 B R AR ANA SO R . XTI H 5%, 2425 PR Y inode M1k
AR (BOATEOLT, Al 5% 225 , MRS REIERE T — 1 oodk
i AR BEAT H SR BT — SRR A0 H b AT 3 R 0. iR H A TR H
SKAT =ANREG, BB QAR Z AP, S ADINAURIAAE 2SR inode FlIBR
B2 R H AR R BB . 3T SCPEAAT I I, X A7 il H AR Ta] 23
WS RZES/NT 17% B, RAIEEREEESE T — X RAF M BB AT, J0
W e 55 4 = I PE TR B A A AT Ry, DATH BRSSO, st b A P 2
T 55 TE X AT F AR X RAFE H AR Z [ 25 N 2= e) 22 ekl 17% |, R
FIALEERLBE P Sete it =S IR =5 A SE Z RO RAF#H H AR, (Hn] RES PR VO
BE, BB A PP o X AP BR At DR 1 SO AT H SR04 Lustre S
RGP RIS A RCE B, DASR IS S PR RE O ST DT M ANAE A AR 55 -

2.2.4 BeeGFS

BeeGFS 2. mtERERIHATICERSE, L N KRRt A =
BT BT BB 2T REEEIT . SRR A el G A
Ik, BeeGFS DAL (A ML, mM sk BEMIfRy BLIY) 2028 5 A BT 54K, B
AN SRR EAR G, TR B ICE i HA TR AL B e

BeeGFS ZEM KNP 2-1 7w, AR DAE: R4 . TR 55 45 -
TR IR S5 AR AN i o B BRAR ST AR ST U R G B BN . e IR 55
AL PAT KA AR . H SRE5H . AURFI ST SR el . Atk 55 o A8
PHRCH W MR 5 IS IS 2 AR I G5 s ok 3 RS R G R A . % i )
e RAE M P TAR R B AL, e et i Pl by POSIX 22 15 ) SCF



T[] 21CMA [ R s 4 E R G kT 5 S
e G
Clien\ / Client

[ 1 —
Switch
Management Server / \

= o = Vo Vo ==

Metadata Server Metadata Server Storage Server Storage Server

Pl 2-1  BeeGFS (fE RS ALK
Figure 2-1 The system architecture of BeeGFS

RAGE. XA BERIBIRAL BT (45 BeeGFS RERSAEA ] 95 4 _EIFATALHI AL
PRI R, AT S W ey M R AN AT A 4

BeeGFS R T a4 AL AR, I DA ZR % MR B4 A SO 0 2% 9 JE A
AR, AT ORAE AR ZRELEY /O #AE. e Bl SO F b AT B, BeeGFS
A FE N BRSIAYS 2 3 oSt . DARE S R Rt D s S8OM) A B LA,
BeeGFS Ay AL W FESRAT AN B FAZ AL, B PR3O R G R AR E PR
[ FEREE

BeeGFS SCHRFZFMITARNLE, WIHEHFEMAMED (Erasure Coding) . Hi 0]
DA H S SCPFEEE A S R QI RIS, B I8 225 . BeeGFS HYTTARL
HRAE M RG2S, X EWE B S IRZ BRI RAID iEE ok . X fifG
BeeGFS n] DATEA R I BEAEFIAF AR AR, IRt —Eum TRt

BRI, BeeGFS jg— Nl RIHATSCIFRSE, BA R, w120
K, BEME AR 2 PR BE VT SR R K AL PR 25K, DA A R DA W AN W74 1
ORI AL, [ IS (At s e U Tr A i K Rt DRar L, RS AR Lol 5 Y
ARV, @A A 2SR S

2.2.5 GlusterFS, Ceph. Lustre. BeeGFS Xftt

b5 ARM ZEATE R 55 45 SR i85 2RO W =, BORBZ 1)) I T
IR KAE ARM -5 FF ZAERE A R GE . PRI 11 2SO
H B3 T T2, Ceph. GlusterFS(Gudu 4%, 2016), Lustre(Pedretti 25, 2020) £l
BeeGFS(BeeGFS, 2022) T4 1A HF ARM 224y, FHHUS T —&E R .

Lustre 1 J] TR MERE TR GUEL, H T HRA TR ATocBdm Ui sy, S5
TCEIRY TRRE AR, I A SR E R RCREAR. 1A, BiXAE S RAID 4241k
TURYIAE. Ceph DAXTRAEME MAZ L, RIBHREIAAGE . SCUFE . X R AFE D)
RE, HHSCIF RS REAR S, HAE m 3 e (SR RE AR 55 HAERE
WIS s de R N E 2 . GlusterFS 3% A R Il e ¥4 5, IHIATE
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TE R USSR AN P BRI B . SR, R ool e N b, 80T —2
PEAL PRI T RAE . BEAh, GlusterFS FEALH/NSCPF S AN I B PERE R |
RELARY T KRB SO R GER S HARAE

FHZ T, BeeGFS HA RSP K ORI BRE T, & Al
1E 21CMA R R G T ARM SRR IRIIAE 0 11 U7 il R 50 S 2 g
B b BeeGFS fEfS ) B CHlH - R i ycldla iy, IR gtk 1 ookt
BRI IE . B DMET A IoCEdE T R, B R RGEY ek, I i
Lustre () CEEAR S5 a5 M L. DAL, RS0k BeeGFS /1A 71l A Iz e
MAGZ DA, IHET ARM RS R 1Nl 2R 50 e A am i a e it
o RN SE A AR R T 5

2.3 IhgE

AF ST PR 21CMA BURAF A S R G TR B I N R, WA
ISR M 28 232520 BAE ViR =X, 2R T 1T ihe, 50 T iEH
ARG RIS . FERLER b, AN TILFRATHY 201 O &
4i: GlusterFS. Ceph. Lustre fl BeeGFS, FFXJENIHEAT T AT, Wik TH
fil /i BeeGFS {12y 21CMA Kdla 7 fift i) 7311 s F R
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%35 21CMA $ulls A SR RRE 4B B BT A

BIE 21CMA HiEFRRECHERGEHR

21CMA BlAr it S A% O i AR 0 11 20 R e R i B 1K
AL A ATk R G0 S A% 55 BeeGFS 8 F ARM ZM AR b, HA
AR A AR AR, IR ANRET 2 21CMA Bdlafr i it
XHERE A — B AT RRENE . BRI R . AR T 21ICMA
HRERR A 21CMA (BN E . s 2B (T, IRIT BeeGFS 01l xS RGEAIME
IR AT AT R G M A e B8 T B E 2 AL, R BT AR RE 20 11 A7
B GE N A A I YR B ARG A R D REAER .

3.1 21CMA HiEFFEERE RS

TG, 21CMA [9FE 4> THERR/INH T2 TB SRA0HC, 814~ TR/
PR R TB ORI, KRR BB A GBYs AR R %A1 TB 3]
ORGP R B, 5 21CMA (RRESEBET B2 I REA iU RS
BE B TG A IR S T2 B R TSR B4 22 s 1 AURIBE A
21CMA S AERASEAF A T AT 0 KT

IRRE S AT i R LB A NI RISVEI R IEAT , 5 1591
BefE. RS, TN BeeGRS 04 Mo 2 BB BI04 L Bl
. TR R T AR SR, HURIED TN . TR
FEAII S5 DS BeeGES . 75 BeeGFS 48 RIghFHEABIM L IR, WTHES th Bk
RGN A BB AT SO R, R RS T
B1AMERE, SR SRS, HAUTEOI S . TERAIR S5 25, DA —2eit
IR R G A7 oo 2/ SRR 10 50 LSRR BeeGES if, 7791
[REGA5 5 119 BeeGFS IS5 Ab28 05 MR B S B BORE . BAR 22 (RE
BeeGFS T B EUMTTALINE . Hebh, A0 R ARB B BT AR R S
#.

45 Google Krli it b—4F M S-SR MRREE 1255 BCHRAERECh th SR
SRR R BRI, ABLIRE, DNS MORERIBA HIBRACRE, DAJCHAL
B4 BN, (B fEHE, 2013). DNS WG #4522 30 BT B 35T, it 28
MR B TR . DR, SRR DR T R,
OB A L AR BT B IR RE A 27 R S P R
12 LIRS AL, B0 21CMA B A RSN A 4T VR AT
f, TEPRRORCHER . 4B 1) BeeGFS SCIFRA IRTELERE L BLIRSR.
[ESCHBEAL TR RE ST, TS RSP TR 71

G ATIAT A BE U 45 R T S T2 K 2R 0 1 0 400 R 750
WA AR & BT R IR . PERES, I S R IR
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TEAE Y ) ,M%Pﬁ%M§%ﬂ%ﬁﬁﬁ A A7 R M L R
% GO PEREMES . AR M. SRR . X5 21CMA Blle /7 i e i 5

RERHIN & B SRR SR B ORI . SRR R A0 1O TRREFIAE
%wﬁ% TEIZAEE B, ST Z AR T I DU B U5t DA &
FBRZITER . MR AL BEACRNRER T RGNS, XHER 10
AR M TR S, AR R AR A RO RS OOy A5 e T B s, x
BPCRE A0 I 8 SRR SO PSR H RS D SR Tl 425 . 1T BeeGFS J5U A7 Y M
f%%%ﬁﬁﬁgﬁwfﬁﬁ%%f ww5M%%ﬁﬁ%§ {EZ Bl Z X AR
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Figure 3-2 The database structure of beegfs_mon
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Figure 3-3  Architecture diagram of 21CMA storage operation and management system
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$1: 1 Storage System Monitoring and Calculation

procedure CLUSTERIO(node_data)
total_io_rate <« O
3: for node in node_data do
if node.mode == RAIDO0’ OR node.is_primary_in_buddy_mirror then
total_io_rate += node.io_rate
6: end if
end for

return total_io_rate

©

end procedure
procedure CLUSTERSTORAGE(node_data)
total_storage < 0
12: used_storage < 0
for node in node_data do
if node.mode == RAIDO0’ OR node.is_primary_in_buddy_mirror then
15: total_storage += node.total_storage
used_storage += node.used_storage
end if
18: end for
return total_storage, used_storage

end procedure
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1: procedure UPDATERESOURCEMONITOR

2 Initialize

3: StorageT otal «— ConvertStorageUnit(T otal Storage)

4: StorageU sed «— ConvertStorageU nit(U sed Storage)
5 if ClusterStatus ==' Normal’ then
6: SetStorageStatusText(green,” Storageishealthy”)
7: else if ClusterStatus ==" Failure’ then
8: SetStorageStatusText(red,” Storageisinf ailurestate”)
9: else
10: SetStorageStatusText(” — 7,  Initializing...”)
11: end if

12: UpdateH ostsStatus(T otal Hosts, Running Hosts, Failed Hosts, StandbyH osts)
13: if ClusterStatus ==' Normal' then

14: ShowReadW rite RateComponent()

15: ShowStorageCapacity(StorageT otal, StoragelU sed)
16: else if ClusterStatus ==" Failure’ then

17: HideReadW rite RateComponent()

18: ShowStorageCapacity(StorageT otal, StoragelU sed)
19: else

20: HideReadW rite RateComponent()

21: HideStorageCapacity()

22: end if

23: end procedure
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1. 2% python BRb, DAEAESRRE ML R EIsdT R G. IATA R R %
4 Python 3.6.8:

(1) conda search python

(2) conda install python=3.6.8

2. ZHEIH BT (BT Python PEAIMKRIN . Gl AR fig @K 225 -

(1) pipenv install - -skip-lock

3. 4% Ansible, DAfE B Zh LS BAECEAERE T . I DATN Ay A A2
% Ansible:

(1) pip install ansible

3. AR BE E . ATEER RS . BT RGHIIRL, R RSk
%5 LA R HB RS

(1) flask db init

(2) flask db migrate

(3) flask db upgrade

(4) flask init

(5) flask run
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-4 Python 3.6.8:

(1) conda search python

(2) conda install python=3.6.8

2. 2% PostgreSQL ¥, M TG — 4= R G . Wl A
S22 AL Postgres
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(1) sudo apt install postgresql postgresql-contrib

3. FEAMWIIA B . PATEER T . AT RERIIGE, H RS RSR
%5 B PAT ok Bl R 58

(1) flask db init

(2) flask db migrate

(3) flask db upgrade

(4) flask init

(5) flask run
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Table 5-1 Time and success rate of hardware and software operations

WikGg B SoRMEUms W% BRME SeRBms HIhE/% HAE SeREH/ms  RhE%

TEEE <400 >99 kR <400 >99 B <400 >99
EALARAE M <400 >99 B <400 >99 &M <400 > 99
FEAEERAE <400 >99 Bk <400 >99 By <400 >99
TkPEERAE  35m <400 >99  fHBR <400 >99 Bl < 400 > 99

%52 W RUIE BRI ] Bk P

Table 5-2 Time and success rate of single-node deployment operations
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Table 5-3 Runtime and success rate of the selfrecovery
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