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Abstract

Abstract

With the rapid development of the Internet of Things, efficient management of mas-
sive time series data has become a research hotspot. Apache [oTDB is a new type of
time series database management system. Its distributed framework can provide fault tol-
erance, but it does not support cluster scalability. Since the scalability of the cluster is
a necessary function to improve the high availability and performance of the distributed
system, the content of this paper is to design and implement the cluster scalability function
on the Apache [oTDB distributed framework.

The Apache 1oTDB distributed framework is based on consistent hashing and the
raft protocol to form multiple raft data groups to manage data. The system will change
the members of multiple data groups, modify the data partition information and migrate
data when the cluster is expanded. Therefore, the cluster scalability mechanism must
meet the following requirements: ensuring the security of member changes during the
change of members of multiple data groups; ensuring the security of the data during the
modification of the partition information without loss of written data; providing efficient
data migration strategies during data migration to reduce the usage of system resources.

The contributions of this paper are as follows:

1. In order to guarantee the security of changing multiple data group members and
data security, a two-stage method of cluster scalability (TSM) based on consistent
hash and raft protocol is proposed. In the first stage, the cluster member change
information is synchronized in all data groups and the pre member change of the
data group is executed; in the second stage, the formal member change and data
migration of the data group are executed. This method avoids split-brain in the
data group and ensures the security of member changes. In addition, it ensures that
all write requests in the cluster will be processed by the new data partition holding
group before data migration, thus ensuring data security.

2. In order to provide an efficient data migration strategy, a file-level data migration
method (FDM) based on the hash slot and time slice are proposed. In this method,
a hash slot partition strategy is adopted, and each node manages data by slot. In
addition, this method takes advantage of the storage engine’s ability to manage data

according to time slices so that all data in each data file does not cross two slots.
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Abstract

When data migration is performed, the entire file is directly transferred and loaded,
which avoids the process of data search and meta information reconstruction, and
reduces the use of system resources.

3. The cluster scalability mechanism is implemented on the distributed framework of
Apache [0TDB, and experiments are designed to test the function and performance
of the cluster scalability mechanism. Firstly, the efficiency of the cluster scalability
mechanism is tested. The results show that the member changes of the cluster scal-
ability can be completed in seconds. It also verifies the efficiency of the file-level
data migration scheme. Secondly, the impact of cluster scalability mechanism on

system performance is tested and analyzed.

Keywords: time series; distributed system; scalability; data migration; raft protocol
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M ANUT R S R JE T DU BE R P uiiE oK, AT P i SR A
N HEMARIAR M HEL R, REHXFEAESRETARRES. X
HER L B ERBEE RIS, 93 E R X 5% H BIRSIFR EIPATE R f—
FHEHE BFg 5 MG RN AER, M5E NIRRT 8 A BREE & 1 H
Y NS At o 8

ESEBMEA F, Y H EFRK R —E K/ADKE, raft hhil SRR M E A B
XRGIATRM, BT TRE AT HE, B PR SE RS 7T LK
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Raft B BGHE i 55 2% 10 10 @R 40 2R 22 A4 A 6 17 B0 10— ) /R A o ik 17 40
SFECERTI/ERH AL, BIHAR T paxos VH E 2 Z) B AL, Raft P
H 8T O A IR SEBL A5 H R, 1 TiDB27) . Eted VAl Apache I0TDB 2.

23 ERTRE

FEARRGE T, AT PRI /E R G0 0T DL I RS2 T i PR
CIAIDRS- A B2 WA S RE UK S & ST W/ EENE 3 1 N 1 8 € O =
(R SR AE R AN RO W] DLEAT T R eE B 4, BRI AT 4
WIS AP RO EREY L, RAREA T W ERRSKIFL T, &
LI MARAE T R SRR T B b 2 G (I 55 O RUASEAN e
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SRR R DI Re 5 HE 7 X SRR B VA OC,  BROA B T 40 X SR04 30080 2 i
BB R, I UG 2 XA R e B A X EL A RS O
I EHE 73 X S B B S AR B Y R PR RE . B 0 X 5 2250

L JEFE 2y X o YER X T s o0 DR fi s S B g, Rt EiEd AR
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2. BEAIrIX o FE A o) X R B S A bR O SR A B AR S ARG A (5 7 T

FREATH, BRSZEVE ST IR B A5 AN A5 FE S, Cassandra.

Dynamo PV 45 2 G5l b 4% 1 — A 75 10 07 S E B 4 X Sk . kA,

A IR A X Tk B PR
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@ Eted. https://etcd.io/
@ MongoDB. https://www.mongodb.com/




H2E MXULGR

-

B TR 84 i
85

B
(03%3] (013033]
713 | smpx ,1 | BABa ;@@ﬁg(%sé%]

m (666'1300] m (800,1§00]

K22 VEFES X MmN S

FOEE BRI R XA L, 4EHEE 0 X SR T R B R R AR, 0 XBK
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2.3.1.3 —HM4maE
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K24 —3EmA IS XTI &
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FEAHE ) PR, BV bR (8] ) fe KR S/ ME T ATIK . ] 2.4 ZE s, (RS
A E R % 107 o A B R e A RO T E RS A, AR EIREE
AN IIALE, BRI E PRI SR B 0 AN RREZEORE, o AEIARE.
g, BT RAESR T ST EEREE DY B o DETIRTY ARIALE, % RAIALE],
b4 DA =@ A 4 B v B 15 4 St AR YE B D (BB
— BUERE A 73 X TTEE I 2 AR AR R R IS S Wi sy A 24 o J5 2 Bl AR A1
R IS B KR B RIS, SRR 28T UBUR 7 DORRE KB IE B £ - anf&] 2.4
AR, U=RIA80, G5 RMRE B TR (B, F] XEMEE. & C
WREH (FA] X EdE. A8 D W REH (A,G] X8 .
— RS A JT A LU AN R AL
1. BT ST R ARG A PR TR AL B I A A BRI o, DRI e A eR B e 00
P E R M R ) S B AN R . ASERAR WL £ SRS B ECY S A
ANYE], TP AE AR BRE,  SEOOE T S T HORE s, RO
PEREMET B Wl 2.5 ZMFTR, HT AL By C =T S ER A
AL E AT S, FEOW R B 757 B8 Y BT/ T A o i
YO, AT RS B 2 R AN 2 1
2. —FREREH I SAAE R, BIBEFE AL BN, NAFAEIRE B LSS,
{8 ) — B G A B IR BT SRR AU S P AT B R
AT R BRI, — oA R4 U0 Cassandra. Dynamo 25K A 1 REFULTY
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1. B BCAS E NI 5] BHBRTT s B AT LUK 67 38 51 7 BRI AR B 1) %%
AN R, [EVRE 243G NS R 2T OB B A F A T R S bR B
WKl 2.6 A4 5 D I, DRor 45 A#3. B#3. C#3 153 X (A1 4L
1
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RN R AEL T 25015 I — UM G A 43 X 5 VI AR A7 AE PR A 1) 73
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BEAT R A AR AR R m AT B A . T A AR g e
BB, R EeE 2 AT AR AR IR 22 1 R g SO N 7 B i 1)
IfIE], 3K T S R AU .
2. ITEAEN TR RSB RITEOL, ERRET mUBD I Y SR S 20K
Y0 B R M — BRI A A AT B R R &

2314 IHRE

12/ EF5 1 ﬁa%%
Ry

7> XT3N R

K27 W

%
T Bk A 43 X 7 iR, 78 Dynamo Ml Redis® R it ] T 5
— PG TR, TR RS N Q AN XE], BN XK. SR &
AN CARE Ry B BRSO, N T D R TR RE R Q i K TR R T A
Blo BORERTTSEBONN, AT S H SN Q/N, SEEREMN 5517 5 K
BT RIS ST Hb 2 Bl 2 AR A R I LA T A [R50 8 5T R R 35 S0 i M A Y R
R —ERENE . W 2.7 iR, BIaRHES N 12 DEARE, 30 SR
WY RAATT 4 ANPGRS UGN — AN A, T RERRE R AT SOR
B —ANIG A, (Rl h R AT A 5T 3 NG A, IR X T E IR A
PLR = A
1. W& A5 20 A R R AR ()98 Bl A 2 B A 2RI TR AR 4L, DRI 250 T DL B 4 4%
HERE 9 B 2 T AT A4, XFE A R I AN TR e A4 R AT B e A
H 7 B RS RO -
2. FRUE T — BRGS0 X VAR AR RE T AU I 1 A7 AN S5 i 1] A

(O Redis. https://redis.io/
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2% RIS
3. MR LA RN, A2 X T DURSE 031 LA & 1k RE sh &5 3 i
R RUE H R BORIL B 1 .

2.3.2 HIETH

XTSRRI E S B R R G, Y R R S R
EREBIRTH, Pt R REESEER N oE B 57 S AR ¢ R EP] . 4
U HBase J&JZ BB A7 6 1E 4041 A7 R 8t HDFS b, HEHY BN R FHEASXE
BB S s o AE BT S TR L SC R

T HAR MRS, Y B RLENHIRTE. SUR TN~
BLFEEE AR Y SR AR S AN S R E, B A X SRR 3 8 IR
GG, 158 I A T AR EAT B A o 1) AR R e s M SRR IR Ve e o 19 R TA) 3L
oA H0 1 28028 3 B T B A S SR A2 5 78 40 P T 3804 I A7 s =X DL A ot
BRI AT

SR FH G NS R 8om O3 DX R/ 23 XSRS INE, anya [l 4 X . —BUErG #555, 4K
PRI I 75 ZORE AR AT R R SR A ISR M EIE . WIFE Cassandra H1, FdEITH
B S T E AT AR flush #:4E, KT MemTable FIEHR I 2B, SRJEXT R
i BT SSTable (A Bk AT F 4, 1 75 ZLT A% 1 Bl P 2% H 1) H A5 5
Ho BER T RREIEIER G, BRSNS ER SRS THIREERE, &
IEYIE &I TN

K4 DXOR/INELE (1) 43 X SR BRI, GneG A il o X, W EaR FIs A il AT 40,
17 51 B nT DL B AR N s A BN . i S S A AR A S, B
BRI 0. ELUNFE Redis REGEHT, 15 mi b B IL R Dy AL AT B, %X
PEIT R IR R ARIT 2, (B2 Redis RAM UKL T AMEIT AR, HIr 1A
W B E U Jo I B B NAEE T, AR

2.4 BF¥IEE Apache l0TDB
A et Apache [oTDB FZEAME S 3EAT /141, BLFG IS 18] 57 371 L A7 4 TsFile
PA K Flush #1 Merge #:4F . SR 540 8 ZER M R SR 484
241 BRI
2411 HEF5]

Apache 10TDB &% '] I & BN 8] Fr 91 (I Fr e 2, 48 65 e 26 (1 BB 1 SR
WA — DR S, s AR IS B A4 AR I TR P 51044, A — N
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SR ‘ Q) wigats
‘ @ +avs
O ek
T mErEES T

devicel

2.8 (A Fr A

FERENSAAREIR, W “root.sgl.devicel.s1”. W £ IR KBS AF A R AL B
AN A AT B AN I TR AR 10 B8 7 AR I TE], DR ) e A7 ) — SR B R
F < WP EER, EH > M JedkE R

IS 1] 2 21 R 42 S R R 701, anist[a] 7 471 “root.sgl.devicel.s1” #7304 1
VUJZE, FirA W e e F R Rl 1 — BRI TR PP A% . an & 2.8, BT B 8] 7 51 B AR 779
AR P CHEET “root”, MARTT i H R IE B 757 ST B R AR AR — 2% [H]
FFol. fERFATHEIE 5 ONET, 5EE e QUM B 21, W “create timeseries
root.sgl.devicel.s1 with datatype=BOOLEAN, encoding=PLAIN” /61 % H i L4
RATIRAE, b7 208 PLAIN HIB[E]JF 41 “root.sgl.devicel.s1” . 14k, Apache
10TDB it 3 H 3 8 schema [ IIRE, EIXTIREIT RN, RGN A I [A]
Froox HAh AT O

2412 73fi%4A

IS [E) PP 2B AR 9 s AEE 2 Rl 70 e [ R . T R
AABIERES, PRI A EEATHRREAMH, A b ERORR . A
AT R RRRI T S, B A EE 2N RS A EMIM RS T, X
FERT LASE i RS AT BE D B 5 5 . FE RS I8 B 3184 schema T fE
IF, G ] 7 20 i A A S A7 i 4, 4 “set storage group to root.sgl” K
NEEAFiEAL root.sgl .

2.4.1.3 Flush 1 Merge

Apache IoTDB )5 A 5 %3 T LSM-Tree P2 454, HdE 5 NI B Se 12k £ N
1771 1] MemTable FHEEL 15 87 H & 7 (write ahead log, & #%X WAL ). 2 MemTable
HIR/INE IS BE R, B 2l 25 1) TsFile SCHH, FHHMIBRERTHE; 43
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PHER]—5E K/, SO O, B8 &5 203 TsFile S FP AT
183 I A Flush 74 5% H11KR: 24 T 1R A F TARIRZAS ) MemTable il 2R+, Bl 53]
Ha vk i

FEIN 18] F2 51 1 R T 3 S, e 9 2% S 38 45 D PRI e 08 T g 22 L 21k
Apache 10TDB )5 N 5| B R FLREFr £ AL Bl 70 0T & B U7 i, B A7
K G — kg TsFile, )5 6 € N Merge #4520 3E47 iUy Hodls AL A Hcdhs
&I MR BLUEE R A Merge i@ 5 B 3L BIAAT & IF181E, IFRIDER &I
gk

2.4.2 TsFile
Header — TsFile 000002
1| Chunks1l |1 Chunks2 |1| Chunks3 |0 ChunkGroupFooter d1
1| Chunks1 |1| Chunks2 |1| Chunks3 |0|ChunkGroupFooterd2 |3|version
Chunk Data =
1| Chunksl (1| Chunks2 |[1| Chunks3 |0 ChunkGroupFooter d1
1| Chunksl (1| Chunks2 |1| Chunks3 |0|ChunkGroupFooter d2 |3|version
ChunkMetadata s1 ChunkMetadata s1
ChunkMetadata s2 ChunkMetadata s2
Chunk ChunkMetadata s3 ChunkMetadata s3
Metadata ChunkMetadata s1 ChunkMetadata s1
ChunkMetadata s2 ChunkMetadata s2
ChunkMetadata s3 ChunkMetadata s3
s1 -> TimeseriesMetadata
s2 -> TimeseriesMetadata
. ) s3 -> TimeseriesMetadata
Timeseries _
Metadata s1 -> TimeseriesMetadata
s2 -> TimeseriesMetadata
s3 -> TimeseriesMetadata
_ Index tree of TimeseriesMetadata
TsFileMetadata
Magic z
String —_ TsFile

K 2.9 TsFile S =

TsFile & Apache [0TDB Ji& 2 #8 A7 S, R T — ML T AR 88
MBSO e Wil 2.9, BESCPRRAE AN dI A d2, RS EE =
AW s1. s2 Fl 83, B NAEEFH]. TsFile )X Sk PSS 751 “Magic
String” (TsFile) MRRASHN, SCAFREHEL “Magic String” (TsFile) {ENER,
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Hh 1] L FEE R A1 s
TsFile #4354 £ 4™ chunk group 2%, chunk group /7 /& — MR &R £

AN p5 A — BT[] Y I3 - — 1 chunk group AL & 2> chunk Fl1—~ footer,
A chunk 2 ¢ FE A ()28 355 00 MB35 A7 s S/ 000 st 7 3% B3 ) Py ) 08

TsFile JC¥4 43 N =#F4>: chunk metadata ic. 3¢ 1 &4 chunk £E 3044 A ()47
B BRI MSG11{E B timeseries metadata it 1 &N A F B BT A chunk
metadata 7ESCHFHR AL E L BPRR MG 1HE S TsFile matadata HH 7o a2 51
FRABRIBHE B AN i Y8 28 S A R
7t TsFile LA LAE I A 72471 d2.s3 91, BRI
1. J¥44k TsFile metadata, 733 d2.s3 [1] timeseries metadata 1)1/ & .
2. JRJFHIL timeseries metadata, 3% d2.s3 FIAT A chunk ] chunk metadata ]
(A=
3. HR¥E d2.s3 HJEF— chunk metadata, 1EZHXEEAS chunk FEE .
2 TsFile CAFE R — € BIE G = #EATE L, B O R4 TsFile 17tfE
SO, B resource SCAF o 130 H 2310 3% TsFile SUIH N T W 2% B 46 ) [A] FH 2%
1EEFTE], e R i AT SO i e

2.4.3 NFZEH

& E Grafana-Adaptor
< = IoTDB-CLI pEoy I/E Tool
- i | Interactive client command line el dtiar;f;bsoear?eistgav;:uallze Batch load and export data
devic
i P Outlier i
DevOp IoTDB-JDBC loTDB | detection |:
% f ] Hadoop/
Spark !
.:> [ 10TDB |—| Sync |~ 1oTDB | Machine ||
Message — B doa, || = learning |
Time series optimized
% |:> file format - UDF
Application : J [_cluster
E-g , TsFile-CLI
Other : Interactive client command line
Databases

K 2.10 Apache IoTDB 7 FH 2244

Apache [0TDB [N FH 280 B AR A, o 7 AR REE . 7. &if.
AL i A I . i 2.10 o, REAHE DL A4
1. 1oTDB 5|%: 10TDB 5| %6 e dbBEiE K, BiGufdae s, s m
FUPR 5 4

17



H2E MXULGR

. IoTDB-JDBC #1 IoTDB-CLI ##2/)Z: H /7 r] L@ IDBC 803 CLI iEH#: 3|

IoTDB 5| 22T e Bl & B, iR 5 Hd s

. Grafana #E#2/Z: Grafana 2 FJEMFer = MMAT AL T H, R AT LR

Grafana 1£#2 /2% IoTDB R 3T v AL o, @il B @ SCrTAAe & T
CUASE I G B 1) 5 5 s R EEE .

. TsFile: IoTDB [JERZEHE AT, A& — T It i iy 2 o e ik (10 515X

AR, FERRGE L 2.4.2 75,

. VE TH: w]BURHABSER 1 508l S F 7 A B 3 10TDB.

Sync T.E: TILAFEZ > 10TDB L4 2 (Bl 3EAT i A Bt (Rl 20

. Hadoop/Spark i£#24%: 1oTDB f&B) TsFile SC{4#% A0 Hadoop/Spark AT

LR, SCFRR TsFile 5\ Hadoop/Spark H, [A] B A P 1 7] PLIE I Hadoop/Spark
AE TsFile S HHE

24.4 RGEEH

1.

S ok w

| Client

Server

Query Engine

MManager

Administration |

File System

K 2.11 Apache IoTDB & 44444

K 2.11 Fron, Apache IoTDB R4+ EALFELL T JLER 47
AW T TS R SR EAT A BRI 50 R B AR AT AT
pEi i 5 L8
g5 S BERHAT A, BREEA. MRS
BWPATER: AFTTHATH P SR ERE R
TCHARE BT OO E T, AR A AN TR R
RPRAE Lt 578 B P BUR
ARG TR R B AL
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3.1.1 NERHIEERHZE

TCEE S PR L Apache ToTDB )20 A7 SMEZE Vi o (08 2. JeBURTE RS
L SMAE T EE EEAEM: a5 A7 ECEIE T EE R SRS
PR, EIREER T E o EE S T B . Rk, A EHESLR A TR
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STHIREEBA
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JERLEE B e ByE & B, HAZ O AR K e B Ik 0 AR - B, 23 il e A7
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KA BURERE R, AEdocdh s r il i hE L, JraEdaikhdic
BRI A 9 ml A DR AT DA LI 18] 1 51 e s £ 81 2019 5 P DR AR BRI Y
BRI AE o

NHEEL S YR 3 BIABIREAT VEAFE, H 5 DNERAETY R IS A E RS
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FH 3 AR AN W 3.2, ZER AR - uEdRAR 5 AR
H, K ELEPRE DU,
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3.1.2 #IEHEX

Apache 10TDB 1) 7347 sUHESR I+ — BV IS 75 AR L B Fdnt i Py A 1547
fe 20 _E S IR) AT 20 [X o IR E) P i AR — B TR), B AR FRY s 1] ] B T A ey
fa5E, WTBABE N/ —REGE — A% . REEHTEH S BAETE R A H R, &
SEMRIE —BUERG A FATHE < A, WA > MR AE, RERE RIS AL,
NGO £ R BN 2R — A R, % AR E T R EEE 0 SUE BN R PR A .
AL AL BRI 8] 3 5 Te B AR SGIE SR I, TR SR A A S I a8k, PR i/
RIS T 7 B I S DA i 4 9 b P 3R AT X

AN SRS B 1 SR % B R AR LA 7 DXORLRE 2 A7k 4L B 74
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FIAFf AN RS TR) Ry (K075 3, RT BORE [R]— A7 A ZHAS [RI I 18] e £ S48 00 A fE S
AR

3.1.3 JTHIEAE

SEREA BT T SR ROTEE A, B R RO A i 4 I R 4 A RS B e s 4 gt
ITEM. THIRHREH AT SRR T LR “Rel 7 FE, HTH
P55 X R A dm B IE] s PRI AE AL BE A 1 5K “select * from root” B,
M RUA] DALE AR K 3X 6 5 ) 5 70 8 20 AN BE A [B] A7 il 41 R AN [R] I [] 7 1) 1
i), ARG IR — B RS A T BRSSP DU SR A% R 45 RH N 1) ks 4H 3k AT Ak
B,

3.1.4 HiREE

R RN A VRIS R, AR A IR _L IR B4k 21 B AR A B RT 4 AR
—ANERAL, RN AN AR N AR, S BE A H EE A
&, BENEEEA AL raft P BORGRIERIAS 10— Bk . B4 02 578 B 18] 772 51 )
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it Apache IoTDB )73 A sUEE R REALAINS , ZEMER LU =AHE s

1. WHA{RIES raft $AE AR R Hj 24t

Raft H4E 4 R 03 78 B8 1 22 4 M i P A2 0 S 280 10 H0 1 s P Ak B 8 HT T 28 9 A
REAFTEZ ™ leader [M1E G I, Raft BisCA B R4 T P i AL T8 17 55078 B () b 3 5
e, Horp R R AT SR 7 ORI R Ao VR P R SRR R B I sl R — AT AN, 4
5 TR 22 N1 B AT E I — R A B AT e B R SR X ARy 2R i IH T
BRZHAEEDUE ARSI, AR ET raft 3550060 H—MEY R A —
25, R R BB — AT sl R B G 201 R B AR A leader, MTTTARIE T
Al 72 A T 2 A

{H7& Apache [0TDB 3 F—EU 1 04 A5 A0 s o e V7 iE R SR BE D e &0
AN BIRA N SR B4, MR REAEL R, P2 MNMURH, &
AN B 22 BRSSO R A A R B I B AT SR e X R 2T A AR A
R S AETERAR A 3 N sl MR, B AP — SRR AT 7 A B e

R 1 BB 1

R

K41 AT sUR R AR B

A 4.1, €535 3BIANERT AT &6 JGRR T m— N8l 6 (%
PEAE L {6, 3, 4)) b, B4 1 MEIEAH 2 KA 7RSS BEEA 1 TETn
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B4 R RNLSIBOT

HR4 1 HiRa 1

4.2 MHBRY R 0 AL B

AR 6 Bfie 7703, BARAR A {1, 2, 3} BT {1, 2, 6} FdRdl2
HOETIMNIRI T A 6 B 715 4 4, BRA i {2, 3, 4} BT {2, 6, 3},

WK 4.2, 7£5 %95 3 BIARRERF PR ERT A3 G TR T — a4 3 (3
PRI (3, 4, 51O 4, HARA | AIEHRA 2 KA T A B, B 1 P
4 W T A3, BRI R AH {1, 2, 3V AR T {1, 2, 4); BIEHA 2N E S B
Pe 7N 3, BRI E (2, 3, 4 BT {2, 4, 5.

N c... R R f
=|

Crew HTEIREMZER

b

P il

]

gl Eﬂ‘l‘Eﬂ:
K43 sk &

Raft H {3 B AT DLEFZEPAT, SN TReS . F43 hEZEHT
RABEHATR 3, Cug BaIHPEBARAR G R, AEAIRIE; C. FnH R
AR ER, AR R AL E, B0 58 1 AT A 3 R A IH 5
AR AAEE, A2 T A 4 REBEEA R RE R, Wikt Huts,
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B 4% SRR

I A e 5L o S 0 B 4 ] DAAIAZE S R IR SR R R TR, 91 01 raft 2H ik DR
{1, 2, 3y T {1, 2, 6}, AILLIESEm raft ZHH AT A 6 FEM raft 4+
AR A 3 SEEE, tHn] BLd S M raft 2H A R 15 53 3 P A) raft ZH AR 0N A 6 5K
. £ Apache IoTDB I A AMESE T, HTAAE—XKEH KRBT HZH Z M
0 2H 55 PR SR AR BE SR S B L, BRI T U7 6 R 7 BRI AX e i 2H i 7
B e att.

2. AT GRAE SO 1 22 4

.. esceam s

Crew HTHIRAM RER

wes: [ =
1

1 1 1 !

tl t2 t3 t4 t5 Hﬂ;ﬂ
Kl 4.4 SERED e ITR] AT A h I IR e 2 2k T

H TSR R ST ) AN [ 4 s ST A 3 P s 20 [X A5 S R I TR A [ 2 1, K
P 5¢ B IS TR) 2 AN [ G2 R, DRI Y P S84 AN T 074 s AT 132 5 9 SR I i e
ZERB AT RERA RN . WRAHE TR e B S AN H > XEHY, ALl
B xRk, Mo R U

Kl 4.4 0t I 2T R BEAT AR IE D e, 2 I 20 80n 40 1 JT 4R B AR 7 X5
t4 B ZIHAR AL 2 FRUR R FB 00 70 XAS ., t5 B2 B 5 4R R 158 10 o XA
Bo XFFRAMRER DX, Had 1 28 HIZy XA dhdl, B 2 2EHi%
oy XHIHEE AL, PB4l 2 BoR %0y X BRI E R B8R4 1, 3 I 2180
MR o AE 13-t4 WA BC A, QR P iR 1 — N R A N IR & 1 R kA T
DX AR 5T R, IXA R 1 s B2 TH 2 XA S, IR 00 T iR 1Y
M E NE R R GHARA 2 AT A . B 2 B35 K 5 40 R 2 8 3
X, PR EEPATEAER. BT 2o XSGR EHE C2E & 25, K
BHARA 11 B NZE S —BHEAM OO iz XK aEEE, Bk o
ZIERZn KGR ERTER, HRA 1 SERREAMPERLR, Wi FS7E
t3-t4 I (8] Be A 5 NEER AL 2 (8de 50k iR & il . DRI ise vl U7 S8 vh 7 LA ok
XSO Bl Z R 1)

3. I BT R BHARIE R

SRR, T XAE KA, S XEE 2R B0 E HYL. 7
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FaE ERY RIS
232 THAHIL, Cassandra R4 Joilid 4R flush ¥ A7 I EARES, A5
BRI T B AT BRI R (N EE et s B AR T AL B EAR T RUR AR B
BNWEHFEM RS oSG R XM, RS A s oA
A O S AR DORE R IE 2 38 It RA THIRTERE, Rk a0 R vt B R T
F 77 10T DAY/ D B G0k L8 Y FE A RE S iRy B R 1 R0

42 WITHR

F1 T raft B ISCHE S 25 0 0 B3 S 10— R 41 B 1 R S
B, PR ASCBETH SR AL R RER PRI ey A SE By . AT 1A
IVRAERET FEBURIIBEL I 7 %, R b TR B B A

421 HMERZE
4211 FFEAS

R RN, AR A KL TR B, A T IRIE raft 500 B 3 22 2
ANGEEREPAT B A, 75 4R 20 B S 2 BRI 0 AT B RO AR B, S SR
RIS 48— K FH S6 3G I M Ry o BE 0 SRR R 0 1R) mT e R AR i Bl B Ok i,
FLORUE )2 B PRS0 o X R Bl e T s AT Bl T 5 2 KT 5
NBAEASE N Zr XIRE A, 505 E8dm Lk EREX— 5, &
SRS BRZH A B B R 2 X A5 R, IR BN EE 5 NG SR, IHE BEA leader
SRTE R RGN EAR A . X E R I o DX R B s T A B AE AR B i R 4k
AR 108 A 7 X A5 B 5 FEdEAT, DRI SRR R S 1A) 226 A W 1 I [A]
FORFRRFTA R 4 O R AR 75 X A5 B

E?HL%%WﬁTWM&ﬁ&%%ﬁﬁ%@,ﬁ%WﬁmT:

1. F—Br

F P (R BEAHT m i B3 A 25 ol 4. leader SRAGEE, KbEEEFES A =20
(1) oA leader H BT MR A, MRZATHERT BOL 7T, mE

Wi KRG, TCHEARA leader X R AT H 23 X I8 25 SIS 45 23 1)

HEd, REHMXKHES KRG ITA TEIEHN follower, 55 F T 401

follower Y 23X 2% H EHATEE 20
(2) JeEHE A leader ¥iX 2% H EKIEL A 1Y raft £ 4. BNEERANEIHE

JE RN raft MARREAT AL R, AN s BT 0 AR DA W B AR S I Y A

HER BEERAZXZHE (B leader), B HTAHLEERE AL 025 B ATEHE

oy XAS BT HRRA T (R R T 8RN R AR B E‘Jiﬂﬁéﬂiﬁhﬁ%
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54 E R LS T

DI RS TE A o BN leader FZ IR K £ 5 HIHA K
s BT H &K

(3) A A K 4 58 O I mAE SR E 5 B BUA R IR [l 45 P SRR
I BR T RO JE o A SR AR AR A I Y /L, WO i 15
R IR MR 55
2. BB
TeHHRH I R H &, AR BRI

(1) AT A Hs AT IERBRARE (E Xk ] R0 AR B B e 5
PELHAAT 5 D MR KA AT

(2) 2R B i BOR T /SOy R B AL RET A I, A B I R 8%
B RS BISRMER S5 T A B B R B R A R A S AT
I, ASH I P I I B i K AL 0 S

(3) X P AT (1 Bt 21 #2 B e 0 X AR DU e D R IE R AR 55 . T Sl
AR ER s, P AT AEBEAT T — MR R 1 K .

(4) W SRR SR, TTEE 2 leader 5 218 IR M BRI sl AT I BR AR o
PR 9 56— B e 4 B R AL S B BR T R AR AT R
BEATCBE, DRI R 2 Sl 0 e AT R -

Kl 4.5 JESESEINY G A A R H SR

W T B SRR RALHIR AE Y R T 3, BRI 2 Y SR et
B — FR AT mUAR R Ve ok se L, T B R REY T UG B R A & b
R R B 58 B AR BT WHE AL IR T 1 oK. & BB R 2
TSR MRy — 7 E A A BRI G AR S R S T
3 T A, 8 7 AT R 53 A T B AL A7 AE T BERHLZE H B SRS AL T
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FaE ERY RIS

RIEARIE | leader FTHE . WK 4.5, HARMA—FFEHIR N {1, 2, 3}. REE—
R RN T 15 4, JREB A NRUL 3. XFIEH TR R E 2N
Mo {1, 2, 3, 4}, HT 1. 2. 3 HE R leader [FIZZH, R & 17
W ER, KRR R R EHARA RN {1, 2, 4}, BIET A4 WAHIE L
leader HERTZE ZIRERY BIDN T8 5, IPEBHANRG 2. XML T M
AR ERRANR A {1, 2, 4, 5}, BT 4 A A5 #EAEIE L leader 1)
H&, Bb—BEA RS @S BT i ERE A — 1 AUEHE F T leader 1)
Hd. fExX B S & —H R miER, SECRTH, BN T k5
oL, EAT R AT B T A .

TEE8 — B B S 2 BN AR BE S M i H A B3R H & . RA Y raft
HNEIT S CEIRE T E— IR RAT, % raft 040 DUEAT R — XK
AR A A0 T AN ) H AR AR SR R H R, BIEER AR
HAE leader 2758 TIXFZHEEASRTHE, 2% leader F41R M H1E A
S 5 20 ol I 0T LR T B SRR RS B AR S X AE S, X
oL 0 T B I — S AR AL R R [z, G RAEUEIEMAT S H E S
HIEZERAZ A&, MAHAEH leader 3 [BIFAT 25 FINF ik v] DL 22 A b A7~ — k% DR
AR, MAh, TEERY AT RIRERY R S D R ARIE T N —
WIRAAR ERZH L —RIEXR R E RO, FILZTERET raft $EEH
B ARE 2 A

TEB BT, AU — B Be gl R TR B M B A L K T8
MEAE S XERIE, B MBS =P RIEAA S BRI E, Ky
VAR PR T AR TR 43 XS B AR IR AT IR, BRI B RS
B 08 5 N1 SR AR R 2 B B 4R A0 2, A5 NIHIEE 2, AT o
THIETRE R RN, RET B\ ZEME. SH P EE M BRERNEN X
PR R, B H 2 0 XA TH 0 4 2 vk 45 SR A B 4L A i 45 R A0,
AT LR [ 1E A H 52 B 2 i SR 45

pin

~

=
i
R
A

4212 EOEIT
N BRI B v R — SRR O

boolean checkPreviousChangeMembership():

WET5 9% e 4L leader £EJT AR AL BRARRERG M1 B SR AT B 2 = vEAS & AR,
— YR R T A ARG A T DL AT S — IR R R, RS B B
H— B
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4w R RN BT
void preAddNode(Node node):
TR TAESERERG N RO X R AT FOR R R £, HIASH node 2N
NERRERITY /L, BT v AT 2 B e A ELLE S 7 P L B 7 B I B s 4 2 15
i EE AT O B, R RS R A S E I B

void preRemoveNode(Node node):

IR TAESRREMIBR T R XA B AT R R R 2, HIAZ L node 21+
PR BT 5, AR A A B S AT R, IR AR e B R e — U T
s T RN RO B S A .

void addNode(Node node):
T VE T SRR 0T s b o s kA7 i X R R 2, I AS 2 node 2
IINERER T S, mREHEA T LS VR A, B4 s —

AR ER .

void removeNode(Node node):

WZITVE R T AE SRR SR s B R AT £ X R T 2, iAZ 4 node &
R MMER A9 50 A RS AR B Bz R IR AN B A PR i i T R
738

422 HIBEEHX
4221 FFEAA

FEPBT B, SRR O AR B T SR e 205 2H leader SRACEE, PRIEW] PAHH
TR leader JeiHATHUR 7 X B, REHBCUSEIE > IXEE (B X D
TSI i B R 45 HAR Y A XY R AR 5% H I IO 0 £ s 43
XAE S, XA ASEELEOE By X 45— 8 .

oy X R T BRG] . AR O AT 2 R RN, raft H K H AR
W EZNMERT ROE, MR RAOZSPHSEE — PN XE. 8Hn
A raft 21T 5 F leader AT H G FP B 2 AR IR PAT X L8 H B FFINE 7 5177 X 3R,
TX ] 38 I R A TT AR A 5 [X SR N 0 W 75 A D s o X 38, 2R ) Bk ot
BB

e 1)y X AT LA 2 P S SR IIAT S5 A ) SRS A2 4 s A 8 1 B R 25 0
BIFTE AR A, X R 0E A B LRI AR L, B A A R I A s AT

30



54 E R LS T
REAAR; BB 7 AR By, A7 L7 i A B 2w 2+ AR 0 dE
RIS 1 HicdfE E 0 DX S B A IR A1 R SE PR T B R AR AT 70 e, 7R AR
FC BT AR A, bean ] DL s . 5 OGRS, 150 e i Eipe R E
oy BRI AL

4222 #OWIT

Kol oy X B E A LUR =A%

PartitionTable moveSlotsToNew(Node node):

ZITEAE RTINS fUN TR E 0 X, NS HL node & I EERFIK T 55,
Kot 208 B 2 DA A R O AL BEAT B, BTN RS LLE N E W R R —
AR A, XA B A o DA Ed 4 P SRS A MR . IR RS5O B
B I ERE 7 X 15 B3

PartitionTable retrieveSlots(Node node):

PITEAEAR M B TS f ) T8 E 201X, fai NS4 node 2 15 M R 15 A
AR B3 0 70 s O 1 o B A o IER R TP N B XAt AL PR A a2 70
P2 oA B m b . IR RIS R B U I EEE 0 XS B R.

void loadPartitionTable(PartitionTable table):
W ROHANZOTE B X3, M ASEOE R 7 X5 B3

4.2.3 BT
4.2.3.1 SN

£ 2313 WA, AR RUR B BUERS A 5 A A G T R A
BARIEOL, HAF TR e A 1= ROERE, DA e el Jm SR e A 4l 0 X
Jiae Hg—EhEm A ARy e BORE AN AR /MRS GERIATDY 100000, SR JARHX
LG 7y 1 2> Mo 2e Hdn 4

N TG A IS 5y X 715, TE Apache IoTDB 77 51 B+, RANF B4 1%
FRIS 8] v 73 TFREAT B0 (8 B . SR AEAT A AL BN I TR) A T AT TsFile SCAFI K
w1 R — M, AAEE A AR 2 ) 5, e AT
IER IS ] LA AR 18] F o4 B AL EAT BEAAIE RS
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B4 R RNLSIBOT

4232 FEHZAR

FEW M BOTEORIE TETHIB IR I B EHR A2 5N IBEIEA, KitkIA%
PR 2 0] AT flush 45 /E 58K 9 77 MemTable 15575 5 .t T4 TsFile
A B R E T R — AN e A RS, Rk DLE B2 L TsFile SCARR AT £ i %
AN, T HE AR AN E AT BRI AR, BT RERERIEFE.

AT RN BTN, — a0 A FEdE, Rl— &%) TsFile F0dE S04
F—HB A BT AR o s . IHEER A ERY RHEATETR, FoAHS®
AR R AR BEAN S SR A BT RGNS ATIRAS o IH B A AU B 4 fi 2
B BB A A an

1. BSR4 s e B — AN IHBR AL A, ) TH B 2E 0 s SR G
A FEE A o

2. HE R SO0 PR 77 2208 A7 6 2L 18] B4 AT flush #8:4E, R 511k
HEFE TR TsFile AEFIRFE T %0 X RFF0E R, &G A#EE
PELH T RUR RIS R

3. WRIS R G, Frds A RN Py E B, RSB R R T S
P TR T SRR AR I 8. pra SO IR se e fa, @ an IH #dE 41
(A 15 R — N B BRI 58 1k

4. HIAEAR A& SR RIABCN BN S, Ul BT s 40 P B AR 58
T EAE IS, I AT DA AR O 58 O RS B AT IR, BRI A .
BAHAR TR T A LU LA

1. IR EE H T AR 75 ZET A B 8] FP 21 oA BN, o SRt [a) e 21 2 ke i
—EBME, AKX LEEWS R PP TE BB AARMS Y, S Ak g
BrEARATT A B, BRI R R A o (E B AR R Bl 4 R A S B
AR 2T AR AL BRI (R 81 JeAE B, an SRS 1) 2 N R A1 T AE B AR,
B EHEPAT IS RS B0, e AIH B 255 SCRE ) 7 51 o8 B S
BRAS L, AR5 FRAR OB A 1 TR 2 51 oeAE B .

2. M Cassandra 107 X F5 & AL 55 T T 26 0] 75 AT & 7 flush #R17EA
7, BT RS 8A TsFile XA EAE AR T R — e i, PRt IA 2R
AT RAEREAT flush #AERAY flush 75 Z1EH2 KIAFfig 48] 18] 7 (] MemTable Ef
AL, b AN E flush #5:4F

3. BT AR PR B HAE R B n A RN n BIA raft 2, PRIMOHT G4
(1) n AT AR EHATEAR IR, W R A A HEAE 1Y) leader PUATEIRIT#
e, B4 IR A leader FBTIRIHAE IR K. 9 7 PEEIE TR K 720, B
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WaE Ry R

EHE A SOR AR 20 % IR — o — 0007 AT Bk 1T, v DU K3k
PR . RIAE S — IR B IR E R A T i), B 47 Rz g OfE
HN AL E AR IAE R A b AE R B B 5L, e Bk ARk h {1, 2, 3}
HIREAR AN {4, 5, 6}, AT/ 1 IRFET A4, W 2 & A5 1
U3 6 BHTHURITRE . XA ITEE N IHEUEA follower 7 ZA leader
[ 2 DR AUE B A2 S5 Y

4. FERFATEARIT AL, BrEOE 40 87T SO T R A IR A A b, BB
BHRH K2 {1, 2, 3} HIREIRHAR G Z (3, 4, 53 A6, BHT15 5 3 4
CUA AR EAE, X PG OL T A TR EZIATHR T BN, EREmINEIRE A
I T R — DRI BRI 580 shah, P75 DU RIS 15 55 3 /A IH
B AR LR T RN 2 B B A 5, DRI AR b AN B A S P B8040 TR

4233 FEOEIT

BT b B EZ A B LR PO

PullSnapshotResp requestSnapshot(List<Integer> requiredSlots):

IR TR R A A (H B 4 S s R IE R B, MASEONT
BT R RIGAIESIZR, IR ES R AHE TsFile SXHFIR AN 8] 75 6(5 B 513

void installTimeseriesSchema(Collection<TimeseriesSchema> schemas):

ZOTIE M TR EE A R R (8 45 5 P I 8] P 81 7615 ) 813K schemas .

void pullRemoteTsFile(String path, Node node):
Xt TR B 5 R A TsFile SCEFFIER, 275 A H A1 55 node S B S
4, path +&1% TsFile [ 34 #4547

void loadFile(String path):
FEAS IR R H 1T sl b BRI TsFile 0 SCF, AT INE 247 i 5] %
etk Ss .

4.3 ALIBERIZ
431 MATE

LRI S, R AR INNER RIS AT, R ST AR RC B U i e R
SANR, IRIEIAT I S IA KR R 35819 s, W 4.6 o, IS S iiRE
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AT YRR B

ERMFIR

J‘DnﬁEZﬂ

leader

E<d 2]
leader

= Z
follower

| zenns

e
g, BT

BEs
T RWE

GEHE

i

RE

=4

o
| .

Rz A®

RiIZHE

|1§§EIE

IS

ERB R |
TRELE

SRR
RAAETER

Kl 4.6 I ST E

OB R AR AR R BN R, IR SRR IR RIS K
- WIEE WA T AR ENE RS, KRR K 4 oo BdE A leader

. TCBE A leader WRITE K G, HEHHMT R, GFE B INE] A
B AT FE I XIE MRS RTS8, ZATHERY R G OA % A)adt
TR E X, IR BEEE R XERIMABET . &akHESKeS
TCELHE ZH 1 A

I R R R RS, e BE A leader K H S KIE S P 1 EdE 4H
leader.

- BAEIEH leader B HE G HIERTHE, BIEEH»XE. BOEERK
RS EAAN AR R T 2. Rk HEKREBIRARK A SR, s
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Ham AR RIS
H &S5 IR BRSO R I 45 3R o 2~ Heds 15 b 2 58 H G AR el
gk
6. G AEHRAA TG, BB BER, o4 leader 3252 H & IF R 1]
4R
7. B RENR ISR R, VIR ST BRI BEA, TTIGIR AR ST .

432 MEDa

= - | TTEREH | | PR B0RH | | B aad | | P = |
| AP | |1£'"‘$¢¥TJ"£“| leader leader follower ST R

BAEER
> BRER

>

ZEMNE
HIRE SRS

AEs%, @i
MTRRE |

t It Jt ]

:]ﬁﬁaf
EEEH
19 A
EEER
‘ ....................
SRBTEM :
BELR PRELE :
R H
SERER |
EABER 5 :
| wxes | : :
Vil B _
T IR
. N : EEsR : mizg
% e T T T L L T escsssensaansaansn
‘)EE]%% .4.@@’% —4 i

K47 MR R A

SRR S, P R LR R AR — 9 P SR 1Y s AR I 4R
SEE MR 5, i 4.7 o, MBRT IR AR -
L IR R BIA RS G, ESE MR AT R AR AR, SRR T
HIE BRI BR H AR R K
2. WOk IR T RIRENE R, R R R s A leader.
3. TAHEA leader WEITERJG, BT gattma, WRmAMERT 2 5E
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WaE Ry R
L. ZATMERY B2G 8Tl AR rEgREs X, FBBEd)s
REAE o XA BIMAHE . &J5¥H S KE o BIE AR U .

4. B BE RO IRI A B S, JoEUR A leader PR H AKX A K
HHi 4 leader.

5. BN leader W B H E G HEARTHRE, QI IH 7 X RAME R K
RAEE. Rk HERIEGEHISHI AT, BRE HE )G R BRI IF
RMEEER . SRR S e H SRR IS5 R .

6. FFNTHBARAMTRIG, BB R, THIEH leader $222 H HIFIEHN
e MR RS T

7. FrMMERTT S BE RS, PAT IR, OC P e BRI BT A B E s 4 9 E
1B, REISEREGEH .

433 HIESAN

IMNERY RIIREE, BT RN 2 3 305 N 72 i 2 5
(R At A HE 73 XA B AT Re AN 2 OB 1, MTTREIE SR K 245 1 8 A% 0 X W TR £
Ho FEIXFPIE OO T ZAk Pl 0 S n) R BZ o X SR 4, BRIt E
MR A leader AL E N TE RIS EE 58K W H A2 A2 i BAZ B Pt 23 X )£
. i’ 4.8 P, HANREWT:
1. PGB v BT — N R E NI T R, ELIERIE KRR BIE B A
H Ko
2. VR T SRR S N AR BN R BT IR AR A 2L, T SR TR B ()
IFIE]Fr, SRJE AR — BV s 7 BATHR W <ARGEZH, ITTRIBR > Fdt B (R e Ay
T, I B BENZE A R I AR O B R A 1.
3. MR RUR BN SR I BRI R 25 B 4H 1 | leaders
4. BHRH 1 1 leader BTG R T, RIEAHIMEIE 7 X EEREH LG EH
AR R 73 X o G SRAN A, R A SLIE A BAZ A X 3R 4, RIEdE
Y2, BT UK SR E T AOE A HR 4 2 11 leader.
5. B BAZEE M EdE A5 k0 EIFE R L SR A R R I R s, B A
leader J2 2 H &, a4 RIREIZGH P

4.3.4 HIEEIG

IMANEEREY R ThRe )R, A2 DB AL B A0 X EEER, R0 8T
PR L
iz XEWRAEZER A b i TR . RRSIRIR 1270 X B AL T HdE i
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B4 R RNLSIBOT

- e [P |

g o
:]E,mﬁﬁﬂﬁ 5
W BmEES
BAEREM
Rt i
RiEER .
KEHIERS
HAAEE
Alt J
(¥R AL 1 ) :] E—
£ R E
I%EEE
EEER
‘. ..........................
R ::%ﬁﬁ%%iﬁiﬁéi o R
BB .
SEHIEET
AR
AT ¥
B SN
_— :]%iaﬁ
4;&@]_;3% ........ CZT) SETCICTRCCR R RS -
N P H
g e et JE ELD% ...........

K48 HiESANTHE
BT, AEHE1Z 0 XA EE, XM B E 5 Y raft

Mk -

2. 20y XEWEAE Z R H b T ERS . SRR i TR X A5 BRI
W BN BT AT T, IR O AR 38 701200 X I B
I B 21 P i 00 X R A e, DR e i et o i 222 ) o ) P
oy X R IH SR AR Be 4, IR 45 Rt AT & 9 Rk [ml
H 8 B X AR e 2 A e T A2 e T 20 X A S AN S B, DR A

IR RE T E A E B X IH AR s . s 4.9 fros, ElRREL T

Lo A BB T AT — AN AP R 5 5, LSRR HE Ak
Ko

2. WhAE N ST EIE R, IR N EIE S XK T &, TRt 2
RN T AR BT BIRn ot BdEdl 1 AEdRA 2 A1 &
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B4 R RNLSIBOT

. E RIS A3 £H 21 AEERTS
(7] [eeen]

p—— ——

REER
RRAFIESR, 17
SR B4
RiF &i
EpER i
——EERx .
B e Hleaderi®fiT
o | [ o
BRESRRS I*ﬁ’é T BIRTS:
Rl BRER
B HoT53 _ﬁlleaderﬂﬁ
- - U | EEs
hiiasssasiassasssssssas - |
: |$mﬁm BESERS
4—
A
o BEER ] e
- :Ié#f‘ééﬁﬁ
‘ ....................................................... u_!_a
| BHIERE :
BB

B 49 Mdm e

3. PSSR N B A PR A RO AR IR

4. BABAEHNT KA leader [F]25 H S RIEA IR e M. KR FEEE S
SEREY RIS 7 Al G e B R AL AT BT RN, XA R H A
leader AHZEAR Ko IXAIFE LT B 19 s SR A WS SR I ELEAR 2 A ri & i), o
T 2 A W SR T AR 4 Bds 4 oA H ZE A Teader C [R5 75 A1

5. BB mORYE 7> X AP T BWIESRACE, BdEdl 1 1 sy &l
XA FAaaS, HEEAMER, B4 2 WAKNAERs X b T4 T dEs,
b 2B 12 X IHEEE A (B4l 3) TRl aERs eIt &a
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