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In-depth Understanding on Performance of IoTDB in Handling Time-series Data Workloads
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Abstract ; Time-series data is growing explosively driven by the rapid proliferation of IoT devices. To more efficiently manage the
large-scale time-series data and meet the high-performance access demands of upper-layer time-series users, various time-series data-
bases have been developed and deployed. Despite these efforts, practitioners currently lack a thorough understanding of time-series da-
tabases remains insufficient, with accumulated knowledge and experience predominantly confined to traditional databases. This limita-
tion hinders the seamless adaptation of practices to emerging time-series databases. This paper focuses on addressing these challenges
by leveraging the open-source time-series database, IoTDB, specifically designed for IoT applications. Employing the benchmarking
tool IoT-Benchmark,diverse time-series data workloads can be generated for the comprehensive evaluation on the performance of IoT-
DB. The objective is to conduct a thorough investigation into the performance behaviors of IoTDB in handling time-series data work-
loads. The research in this paper can provide insightful guidance and help for system designers and developers to develop and deploy
high-performance time-series databases.
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etk B PR B4 B B B P AR A E M EE T
Bt #4n , Facebook £2 Hy T —Fhét o ief Fp $i 4 s i BEAL ALY
FE45 4 55 Gorilla™ , B ¥ 32 B A T £ Hbf F 5048 &
I:P [7,14] R

R, BRTMOLA B3 T 508 B B A R R T 154
PR PETERE, bR BIRE @ ARG IR E LR SR
R REE A EE A TR P EEE . 3 B, e X i R 4dR
FE B N B2 5 T , U LR 7E AL SRR B I P S8R TAE R
A, 2R X I PP R0 P ) R SR N W TR T Ry T AN X — S
R, A 307 AT [ 10T $23t i 5 X Fp 3048 FE ToT-
DB!"! (Database for Internet of Things) 3y ZL7l , #] F MK E 4
T ToT-Benchmark'*! A= i 4 R4k B B PP 048 T fE 4R, FF
RB—RINEE RARMFELHEZRHR, NTTIRBEL X TR
FRECR R SEAT Y L. BSRUE , &SRB BIE T 4 4
HEEMPIERE:

1) AR BB PR3t TAE SR8k (0 m, w2 & AL
B 4370 B T K BE4F ) WT BB X [oTDB AT A=t £
TR , X R E 94T % T oTDB #4488 XA HAREH
2k

2)10TDB i #7E J5 BB T HIR B & R ER AL
AP HURE , TS &R ERE & BT RS SR BRI R
RERERT S (W CPU.IVO) AR 2RI # & HBAEN T 1oTDB
R RER T ARERY R I 2

3) I P HUR IR 4R Ay IoTDB B E 4 B4, i %
T ZFRFE S8 T A E 48 Bk , 40 TS_2DIFF, Gorilla,
L74 4. RUEBCR 48 7T LA OB D7 2 TR BT 6 , (H X
FEREE BB Ny CPU RIRBER. A8 A AR B RS0 E 48
H¥EN I0TDB B RER HaRm?

4)I0TDB B /0 AR MPE B LR R A, Bk,
RS AN T oTDB WYEERER B e MR . AP 5
BEET 3 R EA AR B B R 7 £ (Shingled
Magnetic Recording, SMR ) . 4& &t 9 #L 3% 7 #% ( Hard Disk
Drive, HDD) | DA B 57 2% A [E 7518 #% ( Solid State Drive,SSD).
REFERSEFHEE SR EERBENESR, B
ABANTXT 1oTDB 4 BB LR AT 2

LB R IR, A% SORR A BRI 78 B X B PP 48 T
FESA R AT 5 B PP e PEAH DR IO RBAT O, XK A B TR A
RBFFLA B2 SR AR 2 B A% , R R A SO SR 45 R
WA SHTRES Jy B PP R FE R B Hm A Ml B R LB AR A
ERFEEY , NTTHESDFIR R EE R  PI SE VT A7 A B PR 43
EREBRTR.
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THFISFF RN FRIREE RS, R WM A
MRS R, ER N B A T 2 n RN R iR P
AR PE. 1oTDB Wit &E T HE M E ML PR £ B &
£33 # (Log-Structured Merge Tree, LSM-Tree) , DA 5 %% W %
PR ERIER B A, K DELETE TH /R BB

WE AR RIE RN HEANERESARE AT
H—BRATALRE, TIAHE ABIES &P, Memtable 17
REF TR, ERGE 4 HSE Memtables: —2F THH
HEIR P28 R , 75— R T AL 3L 2 35 19 $3E . IoTDB
BTG — A B 0 ES ( Time Detector ) SR S| BT 53R 25 K
IRFEEI. ZHEUE AN R EZIEREEARSPREN R
KETEER. YT — R S B R R BT R BET, REHR
HE AIEH WF7£3 (Normal Memtable ) ; 75 ¥ HE A SER K
F#3& (Delayed Memtable) 3. 7£ i 2 — 5 #Y B {E 5% 140 A,
Memtables 43 B 5 2 EFFAE BE &, T L 28 TsFiles,
BP3§ TsFile FO3EiR TsFile. % F TsFile #3 A58 S 7T e 4
A YE R _ LA ES , oTDB EHI7EE & BT EIRE S1R1E,
BENEFBEMEEAESN L E TsFiles, LR FHHEE A
2. & 1 24 IoTDB f) LSM-Tree Z&fn 2 &

FEEA
Time Detector
[Time Detoctor] 1o
Normal Delayed
b MemTable MemTable

m# Flush 1
RS £ - Compaction
Level 0 |Normal TsFich e IDelayed TstleI e

Level 1 [Normal TsFile| [Normal TsFile| |Normal TsFile| -

Bl 1 IoTDB H ) LSM-Tree Z5Hm & &
Fig.1 Structure diagram of LSM-Tree in IoTDB
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R, 10 TSCache' ! | RE#% B 427+ InfluxDB FIZE A BE.
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R—FPEl R MBS A 4 RE R i Liu ZAFF R
T—AEAE W T A, B ToT-Benchmark, > B 5> 38 FE (40
IoTDB , TimescaleDB) 3£ 5 1 8% 9 PR T A 28 & T 2 A,
Hao % A\ 42 Hi 9 TS-Benchmark FYEMIR, Xt 4 MUK MR B
FE3EE InfluxDB . TimescaleDB . Druid F1 OpenTSDB #4T T
PR

TEESBOE ER S 1, Jia 4 A& T RocksDB #17
TREMZHWR, FEWHBBIR T 5 FARMNZ Hinfh
B, g RE SR B 9 B ShRAL AR A T i B B
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& A HUE FE MySQL. Fl MariaDB # 1 RE3E 47 55 14 1L
B, LREREY, MySQL #1488 ¥ B 4L T MariaDB'®. £
W& A%t T TPC-DS_Utensil , 3@ if % MySQL., Oracle. Hive
#0 Hbase HEATEREIN , 2= B 2 W T B R4S 1 ot 52 e AR
SRR EREY) . ML IB % ARG 3R FE MySQL il NoSQL 3%
P& FE Redis BEATHE BB LLXT , /5 8y Redis $HE FE FF 68 Fn 2
WML T Ray % A$2H ) —Fhas MIEE R
A T B, Jackpine & F] B K , 7T LA X F# 24T E 75 JDBC %K
SEFF LA RIEE, B EERN RN E TERRYE
%[23] .

HZRWHREAR, A X FEERRARGEH N A E
FEIRA H RIS R0 FETE AL SR AT PR R TAE SR mf YRR
R AL Bin, 231 oTDB &R, FF R R LR
R, BR TRBEEERENENFE, BB REFHER
£ IERBOR A AR b R PR TAE SR, B AR AN
PP FE e AL B AT PP 088 T AE S SR A 1 BB O T B AR M8 Y,
VAT 4 T 3y B2 ef P 008 PR AT D R I BB HRFAEE -

2 XWHEMEE

2.1 BHHRE

ALK EIAE— £ BRAR ThinkSystem ST258 fi 454% b
17, R EEHE T — B 4% i Intel Xeon E-2224 3.4GHz 4t
FH38 8GB TF, IR T —3A B 2TB 45 3 Jy 7200 RPM
( Revolutions Per Minute ) (IR ZHRIENREGZRERET 64 {1
f¥) Ubuntu 18.04 LTS ${ER S ,#8 % Linux Kernel 5.4.0
%,Extd XHRE,FEMA LB EET 0.13.4 JRAH
IoTDB B FP 3 FE.

=1 FHERENE

Table 1 Introduction of Storage devices

Fig  5(MB/s) [(MB/s) HHAE
=g SSD 507 547 500GB
TSGR HDD 227 242 2TB
Z#JE SMR 96.6 52.2 2TB

R T RAB AR B & X B0 RO R R I S/ Mb T
RERE T, AFIA THS 3 FRFRZER RS &,
WL 2T 0 M REVEAY , [ 5 — P¥% 3 5400 RPM. AR
2TB {7 HE SMR B4, I S E6E 5% B AR A E R, (B
BENLE HERE S E AT BER B AR B ; — ¥ 38y 7200 RPM A B
“h 2TB [PEEF %% HDD, # EL T SMR 7E ¥ BB A i 7,
{HAFF0 SSD 7 — EH) 2 ; — A &y 500GB 1) = & 870
SATA SSD, RE M AT BwR , fERR A0 3R 0 8 7 58 ) L
MR HIAT ZH M AR, X 3 A S EFHEEE R A
URERFEFAREES, AW RRETEE
MR R 1 BRT 3 AR &S e A6k
ARV EAR KM b 5 %R 7E Linux 3555 T F
dd fr4-7E 4KB R AN A T RS S, BiEERBEE
#(% 12GB.

2.2 WREBEMIERS
IoT-Benchmark 2—X &1 TG Y B W 372 T BB F

B8 FE A REAY ERVE MR TR S8 o R R B SR, R T AT LA
A REFEAL B B P R TAE R, DLER & 171l i P B8 R
IoTDB P RERIRK.

FEXUHE 4 AR J7 T8 , Device_Number 8 58 B £ HOE 3K, T
Sensor_Number & T BB S EH N E BB E, X L&
T B AR I A B ] (B PR A RS (RIS Y Y 8 8 (3R
BORSEE) . o AREE M — B PR E AL R,
A B SR AL BT, BN TEE M ED
B 1R R BB .

ERR/EATE, BEEAWEABRTRE - “HEK
(Batch)” , H.¥s Batch_Size_Per_Write 2838 & T 8B5S #IE
F R RATH S TR SR B R SO E A PR R,
FEERPAT—RINNE BR1E, TEIF R IK L B Loop 8 €.
Client_Number £ #4175 AR PR , B X8 P it
RS2 B DABSF IR B B AL S , BB ABRAEHCH loop. A T
PR BN, I0TDB E 2 £ R T SMEEEHHEAR
IR A PR R AR A N TR 4, S R BT A I
T —HERIR, RS AT R4S, R B g% 5 X an TS_DIFF,
Gorilla, {3 FfY FE 4855 250 LZ4 #1 SNAPPY , iR4E 4558 1O B
AT IoT-Benchmark AYBZ B SO #ATBC B, L4, IoT-
Benchmark 7] LA 8 Poisson A3 LI ELIF HE 5 AR, Al
FEAE LIl Out_Of_Order_Ratio 4 E.

FHIREWR, ACEET UREEE AR EE
#(Qa) AR AW RER ENAEEAETRERS
BRI (4N Count St 332 e 15 ¥ BBl P9 A s 380 W BB HEAT R &
&, R X 3 & 0 PUE HEAT R I8, ZE ) 3B B Oy select func
(vl):-- from data where device in? and value >? and time > ?
and time < 7.

x2 BAWRSBEUURRH
Table 2 Parameters involved in the query and

their descriptions

BHTESH bupie g § A
Query_Sensor_ Num  HUEBHRA MBS LIMLBREE
Query_Device Num FUEBRAEMERNHLIIREHE

FUE A VR B B R o i S ok B R PR 25
Query_Interval .
Step_Size HEMSSEIEANERN RRELE K
Loop B BB P AT E RIS
Client_Number HUE RN A 2 B PR IE AT IRAE
Point_Step HUE B B8 A5 2 TE B B 6] D R

RIER 2 W4, Fl— P o A4 AR 2 1 A B I o
SR SE ) AH 2 A& S Step_Size * Point_Step. ZEX} N T.
ERET , ZABRMERIT S RECH Client_Number = Loop.

3 XBERSHH

T B [ 2 B4R R, A SRR BT R A
SERUT 3 AN JTE RIT 1) PRAH I F R TAE S #% IoTDB
BEERENA 52) BTFL R B2 IoTDB 4% BEAYRZ R 53) 2
JEEFFE B & X [oTDB #ERER R . 7E sh At b, BB
BT AL T, BV R 35088 P 24 BB AR [ DA R B
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WSS BIRTR , N ELF BRI 447 oTDB 44 Rk
RETHBF ETSRAGHERME, HRABIR, &
SCER T HREH BRSPS T LS.

RASHIEE N THEREA,RBBFHEAFTX, B
BiEA AL E Oy DOUBLE 2880, 3 T 47 fib [ BB /0 19
BB, BRI w5 5 N E O PLAIN (R BB #E47
g , R4S R B Yy UNCOMPRESSED (A% %48 i
JE45% 1) , Client_Number # 2 16, Point_Step # 7 400ms,
Batch_Size_Per_Write 2 100, Loop >y 10000; X T ¥ 2],
B LB RIENAR Query_Sensor_Num # 2y 10, Query_Device _
Num ¥t 5, H4R TR AR 2 )18 ] B H] (R) B Query _Interval %y
1800s; 7 T HafR X R — B M P A PR B M M A E &, %
Step_Size Jy 4500, Xt [ 1Y) Point_Step 3y 400ms, Step_Size F
Point_Step FIFEFR IELF £ 1800s, Loop i% ¥y 40, Client_Number
Pk 16.

HEEENERAES , ERA RIS, ERRANSH
BCE. X T T CHBAR A, R A RE A BN ML 28 ; K
BREWBHNMAH. XTI XRBETHANEE, W A
REEA,Q RERMEEM , EELREIRE R B BUE.

3.1 FEMFHEIERBEXHRD

SRR AR 4 B P e A S B % T S PR RE EY
MR, A SO T & P i & (Client Number ) | 25 3] £ i H]
[ (Time Interval) \$(#%25 Y (Data Type) | ELFF %3 (Out-
of-order Data)4 M RES TR 58

R 3 B TARIME P mBEXN THIR RN RS e
B EAELR A PRI 16. AR A R B, BEE Client 3
BRI, 5 M RETEABTR T, X Client 0k 16 FEHME, 3
B HREREA LRZEE. B0, £ 16 4 Client FTHIRIEE
e, AR T 1 4 Client BYIEHL, AFIL BT S, EAMKREAT
21.8% WM RERA T 1.2 5, KEFEFHE RE £#) Client
HRMELB TR, BB EFTLFIRRENFR. B,
CPU FFAXTF 1 A Client 27T 40 M E 4= [EHEE Client
RS INT) 64, EEREREHINT 4 5, FINREEA
FIHBREET 19.9%. REF A RGN FREARCEETHR
N, TEHE—BRIERE. A5, TR AR VO KRB R
KEE Client H% H 3 ZMAERIN , X E HE W BRME R TATE
875 Client Number 1 Loop FFRFR, & P i Bl K, BEATHY
BERIERBE R EBR MR E R

R3F PR EN R RS M RER R R EL

Table 3 Comparison of the impact of the number of clients on database read and write performance

Client W Throughput W AVG W AVG CPU W Lo Q Throughput Q AVG Q AVG CPU Qro
Number (Point/Sec)  Latency(ms) Usage(% ) Amount(GB)  (Point/Sec)  Latency(ms) Usage( % ) Amount(GB)
1 21.79% | 92.87% | 52.08% | 16.84% | 50.31% | 87.93% | 63.71% | 92.18% |

4 7.68% | 73.47% | 19.93% | 2.44% 1 9.02% | 73.31% | 0.79% | 73.58% |
16 10986654.54  27.37 80.92 184.92 140. 62 5489.26 52.99 86.93

) 12.12% | 106.13% T 1.64% | 1.26% 1 1.24% 1 101.06% 1 0.51% 1 99.59% 1
48 14.91% | 219.25% 1 0.07% 1 2.43% 1 1.27% 1 201.93% 1 0.88% | 200.52% 1
64 19.98% | 309.53% 1 0.48% 1 6.12% 1 0.12% | 314.39% +  0.73% 1 303.09% 1

/NG B Client 3R B30 IN, RGFIRAG LUE INFE 2 3
R BOR A RR B E T AT, X HE P IRBETRES
BARAFRFEAIEN, R MEH. HELRE R,
FEYRTHERINET R 16 M P R T IR ERN RS #
fEMTRER— A E M, R BN RERI N REFIEE
SR ZE R T .

E RIS EITE B T 08 R -5 R AF ( Count) f 1 RERZ 1R
BH B , WEE 2 1) ISR VL T B39 K, BEAT Count SR B $UHE st
WEZ 3 2 , T S BOR SRV A BRI R 4 AR

x4 ARREERGERAEER

Table 4 Query performance table for different time ranges

Time Throughput Average  Average CPU 1O Amount
Interval(s) (Point/Sec) Latency(ms) Usage(% ) (GB)

600 4.99% 1 5.93% | 3.62% | 0.72% |

1200 3.22% 1 3.671% | 56.61 0.57% |

1800 195.61 3988. 87 55.52 64.04

2400 2.88% | 2.78% 1 1.91% 1 0.68% 1

3000 8.52% | 8.13% 1 1.78% 1 5.31% 1

FEI3 AN 3000s B, RELHY /O IR B EEIN T 5.3% , X
FETRATHEREMKT 12.9% ,FYEREM T 15.0%.
NG < J0H R R 2D A RE 5 2 1SR 1 I ) 9 R 2 A
*, EAN AR, IR R EREE , RETHERIT
BAEFREK, SHEREETE, N TRENLE, HRA
—A>HHEME 1800s 1 7 SE2r 1) I [ VE I AL .
W5 ROBA THEBIAFZAT AR B &R &R

RS HNRBEECEAXTEA RN, RS E K 10
Table 5 Impact of changes in the number of devices queried

on the query with a sensor count of 10

Device Throughput Average  Average CPU 1O Amount
Number (Point/Sec) Latency(ms) Usage(% ) (GB)
1 110.95% T 91.29% | 7.99% | 90.38% |
5 140.53 5562.66 53.43 87.06
10 9.64% | 121.59% T 0.45% 1 119.41% ?
15 13.64% | 247.41% 1T 1.57% 1 237.61% 1
20 30.61% | 448.01% T 14.56% 1  357.49% 1
25 51.52% |  732.55% 1 16.24% 1  465.45% 1

[ IoTDB HE47 25 1) I 9 4 B, LR D 1800s, 4N E
s, AN TR IR 2 600s FYZE 7SR, M2 iR i A ¥

BT 1oTDB ZE M RRAR M , BEE B0 & J0R0 1% s B 3
Z BRI BIR R E IR MBI, A 0 VB R B
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TR, e EFILBX 185, —ERANBEE AR, BER
TR BRI R 10 BB BB 5. BEE Device BRI Z,
RENELBAEW AR, (HBEE Sensor LB KL, REF
nk B H K TZ R T B0, 225 FY Sensor %k 20 B, AHXT
T Sensor H o 1 B , REF BT T 18. 1% , FH LR MY
T 18.7 £5, VO BB B BN T 16. 8 £F. T HZMHY De-
vice ¥ 20 B, X T Device O 1 B, RGBT BFEK T
67.1% ,FHFERHEMT 62.9 15, V0 HEEBE BN T
47. 64F%. X FRE HE WY A B R —1> Page, T —> Page
P S E R T A R — RIIER, BT &
TAIRY Sensor FEIMINES , — KB W REBFE— 1 Page PEINZ]
R6 IR BRI, EHE NS
Table 6 Impact of changes in the number of sensors queried

on the query with a device count of 5

Device Throughput Average  Average CPU 1O Amount
Number (Point/Sec) Latency(ms) Usage(% ) (GB)
1 13.91% | 89.17% | 5.06% | 87.95% |
5 2.46% | 48.52% | 2.81% 1 48.45% |
10 141.55 5473.96 53.36 86.75
15 0.91% *1 51.93% t  0.91% | 51.74% 1
20 1.61% 1 102.91% 1T 0.82% | 102.21% 1
25 2.59% 1 147.31% 1 1.12% ? 140.96% 1

BEHNEIES, BB R RE AL E. H L2 ) Device I
B, W K& E) Page BRI, VO JIRIREE S,
REFEEWBRENNIEN, BAZAZNEERY M, B

@ 1e7 @MEA i 0
[+ r N 3
% 1.25
£ 100
% 175
g 0.50
° 0.25
£ o (-
0 10 20 30 40 50 60 70 80 50100 4
Out of Order Ratio/%
| g
100 EA m&# 100

Write Average CPU Usage/%
° 8 8 8 8
Query Average CPU Usage/%

0 10 20 30 40 50 60 70 80 90100
Out of Order Ratio/%

BHNRKEEER, XRERREFTHEN T, X5 Page
BB FEARR B TES % 3.2 7.

NG BEE BB X EHY Device U Sensor 334
£, REVIRK VO BIRBEhEEZ L, X4 F 3 IoTDB &
SMIER B MR Y ERERNE, YIERSHEN
B, REMFLEER EFH, M EEYE L, RENFHLE
R

EZR T HR T, HFREEESHBLTFHE
B, A T HFTELFEAE & E Xt IoTDB £ 5 $E 8B AR I, 42 3C
Bt T3 11 AR K ELF & B B E S 0% 2] 100% 3
FARBEFE. B 2 W1 DATRER 2] , bl & AL PP 308 o5 L A3,
IoTDB {5 e EA FREETFHEHHE A 8875230 4
RS REERH —E M, X EEH) T oTDB i)
LSM-Tree Z24], AT X R MR BIR W E AR, BEL
HIBERL/NG , % 46 R B FF Y batch $R4F, BN AR EH B
$4% % & Compaction #E , AR T HIR M E H6E. T
WHFHRFEANERRE, REFHEMELTHANEER
LM TR, PR EL M. T ERERENFFHEN
LT, IoTDB A AT E IR M — &3k, M E LT
EeBl Y £, IoTDB ARG EM B\ TR EEER &
WRAEF=E R /0 3R 5 B 7 AW £, W AR K i %
T EWZE. NE S PRBEET B H, Ya5LF R 30%
B, M T AL 0% B, REFH BT 53.1%,
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Fig.2 Impact of different ratios of out-of-order data on IoTDB performance
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YZD IR T BB 32 2USE KA BR AR, T B HE— P B0 PR BRI AL
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R TR T AFEIESREN T 1oTDB $EBEH RN , ZHE
LR ¥ WA Ry DOUBLE W B P BESL . M B A B F,
DOUBLE 28 RU¥H7 F1 INT64 RBIBHE M B3R 5 PERB A , X
FEE T LMABZE VO 3R B B k. ML 5 A5 R IR
28R FLOAT #1 INT32, DOUBLE # INT64 2 &I i% ¥ 48 5 3¢
RERBEEERA BE TR, VO RESBWBNE. 24
M5 ,#H T FLOAT 28845, DOUBLE KRB #E:E AR
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EFHETRET 14.1% , ER M 16. 1% , /0 FiB LB
T 82.4% ;B MHREN S . REBFULEBRKT 67.5% ,F
WHRERIINT 3.2 45, WAARL A VO BB BB 67.5% ,F
WHRERIEINT 3.2 %, MAHR A VO BB R BT 4.7 £ &

B4RFRH, [0TDB MW AR B BARHEATIRE BAER, B T
S REFE B EORR, ST ERRR VO BB E , X R ik
BEAFIRY EZ A, HeAh , A FISSE O BUE SR R E 19 4w
W BSR4 307 3. 2 XTI RIF TIRABIA.

RT FRREEEEREEPESHER

Table 7 Table of read and write performance of different types of data in the database

Data W Throughput W AVG W AVG CPU W Lo Q Throughput Q AVG Q AVG CPU Qro
Type (Point/Sec)  Latency(ms) Usage(% ) Amount(GB)  (Point/Sec)  Latency(ms) Usage( % ) Amount(GB)
INT32 23.02% 1 19.07% | 2.19% | 58.68% | 371.48% 80.15% | 11.03% 1 86.05% |
INT64 1.84% | 1.98% 1 0.36% 1 0.53% | 11.16% | 2.87% 1 3.26% | 9.17% 1
FLOAT 15.79% 1 13.77% | 5.28% | 46.16% | 207.44% 68.63% | 15.03% 1 78.88% |
DOUBLE 13260801.71  22.66 94.22 180.45 252.39 3099.69 63.35 42.52
/g5 :1oTDB X AFRB BB AT B BAER , B TA N7 36.6%.

RIS EUEAR BT o BB HOR R, RE £ T AR K VO FfE
BE, XEFEREESEERNEERA.
3.2 HEERTAHXT TDB MR IE

SRR BE FE IER AL X IoTDB P BREQ RN , A< SCEEEL
T Page Size BER MG WIS X EHHER 4 MEEKER
HATIR.

Page ff 7 IoTDB ¥ %S R BN, A B T AR
K/INK) Page Size X UHE FE 3R 5 M RE MM, ¥ S BN
1KB.4KB.16KB 64KB 256KB 4T K , ik #B5 LR KR HY
H ME 28 O Page L B 64 KB i A $ 4% . SR8 F1ZR9 W 1 LU

# 8 Page K/\\Xf IoTDB § AHEREHIR I
Table 8 Impact of page size on IoTDB write performance
Page Throughput Average CPU IO Amount

Average

Size (Point/Sec) Latency(ms) Usage(% ) (GB)
1KB  3.73% | 3.29% 1 7.94% |  0.44% 1
4KB  11.92% | 13.19% +  11.96% |  2.21% 1
16KB  0.37% 1 0.67% |  0.36% |  0.14% |
64KB 12682495.63 23.73 93.88 180. 06
256KB  10.71% | 12.27% 1 12.54% |  4.56% |

R MR BRAE, IR Page Size HEK/D, B R RS
BEIE LK) Page i, AT EEE 1) /O #R4E, R2nafk B8; A
., 3n2R: Page Size St E K, &5 BB AT HORFIME,

#&9 Page K/)\Xf IoTDB Zifj 4k REHIR
Table 9 Impact of page size on IoTDB query performance

Page Throughput Average  Average CPU 1O Amount

Size (Point/Sec) Latency(ms) Usage(% ) (GB)
1KB 5.96% | 6.64% 1 0.45% | 8.39% 1
4KB 9.52% | 10.59% t  0.92% | 13.51% 1
16KB 8.46% | 9.31% 1 3.47% | 11.91% 1
64KB 178.76 4363.98 54.21 70.84
256KB 22.61% | 29.49% 1T 8.73% | 36.61% 1

SERMARGEHRE™E T . B0, # X F 64KB Page Size, %
BN 1KB BER T , iE M HERETM S, oTDB RAEFH B
KT 5.9% , FHRREMT 6.6% ,1 5 VO S EMEMT
8.4% ; 5 256KB H) Page Size fHLI,,IoTDB R ZH R AT 1T
BWALT 22.6% , FHERHEMNT 29.5% ,i2E VO REW

/NG /MY Page Size W BB EE LS BIELH
Page, il K Y Page Size £xi f™ B M E BUKIR A, H ik
REAR TERBIED, S E Page Size X FREMHE
REEXREE. ARRERIAIRT , ¥ Page Size T By 64KB
A, REAE SE 47 DT AL b 2 A PP 5088 AR B B AR , AR IE SR
BERBIFHIEE R, HEEMIE T, B PEIE TERERA
RERSNBBALRY , I 3754 Page Size DI 4 #3E b b=
THEBRBARE— T EEERNHREL M.

[oTDB 7EFATHIRE A i, &3 K &P 2= 7] P i %
B P 7S TR R 2 A RN 5 TR O R 2 . AR B
BHRugxt oTDB MM RE= L EE AR, oTDB 24t T 3
FAIF] 9 5E8% : 1) BALANCE -4 % F5 & F 8 S U 5 2) IN-
NER_CROSS {5347 % TsFile F1)ifi /F TsFile L FLF Ts-
File FIFLFF TsFile fJ%-&;3) CROSS_INNER {f 50 L Ts-
File #& 2| TsFile 1. 2 T KAE A [F] 2 5 5 08 0 $088 P2
PERERIRZM , A SCHR XA RIALFE o e (10% .50% 90% ) B %X
THATE AR, 5 AR loop ¥ Bk 5000.

M 3 7T ALZR 2], 7T LA R 3R 2 AL P J03E o E O 10%
A, S AR, kA CROSS_INNER % & 5888 i 5L 1 £
PHEREFEN T AR & 0 RIS AR, X R O ML P Lol 1
BN, ELFP R0 o Lo/, CROSS_INNER 155 825 6] -3
BIED B2 RE TR M PR S AEAL, #1140 CROSS _IN-
NER ¥ &% B =4 /O & &tk BALANCE # INNER _
CROSS B &3R04 51> T 2. 6% F1 1. 8% , (H X BB 2 A
M= ,INNER_CROSS 5B T 214 RE BT , X2 A 7E X
MG T , A0S 2 A1 AN L AP 25 1H) Y O35 R4, D T 30
¥, > T RE TR SO R, XA B i
EVO¥ESE L, fH 5 BALANCE #1 CROSS_INNER %
BRI T 9.3% F123.7% s [HBEE ELFHIR & Hor 30,
Bl ELF$E & Ly 50% ,BALANCE SRBE7ES A J5 T ¥ &
B4 ,3X 2 H T BALANCE [R] i 5% 3 T 30858 SO B g
BLP SO BB TS AREM S BRENREREL
B, RAFRES AR, MRS VO BB T , M L 5INNER_
CROSS #1 CROSS _INNER %t & 3% B 43 31 3% 2> 18. 3% 1
0.4% (EARER Y 2, 24 FL P $E &t 90% , CROSS_IN-
NER 508 T &M RERfE, BB E AP IR S IRE R L
B, W ELFR SCHERY o L BB R A PR AWM A EERE, A IO 7]



1020 VN

B R HENLER A

2025 £

PI%E i CROSS_INNER 3 B&#H % BALANCE SRBE R 125 &

g Lo le7 BEEA & )
4 a
Eos 150 2
b=y <
Sos 100 E
B 04 g
50
£ £
2
£ o &
SR SRR
C85222888
553888252
é é :| :| :| o @ @
TRREZEgs
O O o
Elmo EEA I 100%
2 80 80 5
) o
5 6 6 5
g« “© g
Z 20 20 <
£
E 0
FETEEsegse
SE338228%
SEfidizec
S1i8862%:
I NN BN
[ A- "] v w
AN 88403
O U U

B EBAT 13.5% , 4% INNER_CROSS RIS/ T 7.3% .

B3 ARG RS IoTDB 4 RER I

Fig.3 Impact of different compaction strategies on IoTDB performance
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Table 10 Breakdown of database read and write performance
improvement by encoding method,baseline is
without encoding method ( PLAIN)

PERREAT RLE TS_2DIFF  DORILLA
W Throughput 8.46% 1 16.53% T 8.59% 1
W AVG Latency 7.85% | 4.12% |  1.712% |
W AVG CPU Usage  0.64% | 1.41% | 0.01% |
W /O Amount 40.18% |  43.43% |  29.59% |
Q Throughput 252.99% 1  318.14% 1  141.73% 1
Q AVG Latency 72.96% |  T1.47% | 59.71% |
QAVG CPU Usage  1.28% | 1.35% | 5.84% 1
Q I/O Amount 88.61% |  91.36% |  77.41% |

& 4 FEui B R T AR B 45 5 R4 IoTDB 25 4 8
B SR T FIEE 2% 10 F5 6 A3 H 7 AR IR 405 75 R IoTDB
EEHRER WA EAEIE. ME WA S, 5 PLAIN #iG %
KA, RLE AFHE ERAT 8.5%, FHEREET
7.9% ,BiRiEE S BRI 40. 2% , TS_2DIFF i &t 8 g
FT 16.5% , FEIRRERT 14. 1% , BB ES S BFRFRK
43.4% ,Gorilla ZEHMT B F#E T T 8.6% , I EREEE T
7.7% BIREE B EMEK 29.6% . EE W REN E, AR5
Gig L RERS B3 R 7L H M 8. A%t F PLAIN 455, RLE
HREHE LRFAT 2.5 65, FHERBRMET 73.0% , iR
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Fig.4 Impact of different encoding methods on IoTDB performance
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Fig.5 Impact of compression algorithms on IoTDB performance
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Tt , CPU A RIZR 43. 5 N E 4 5. = R
J51 , A8 Xt F UNCOMPRESSED 5 =, SNAPPY . LZ4 , GZIP
BB T A B EFE 97.3% \97.4% F197.8% .

/NG FER PRI EEEARS T , RSB R S R4
BIET DB RR R E MU R R, R T E LR E
BRI, SR EARRLELE R ZHM, TS_2DIFF B & W
BiE 9mtS, LZA #1 SNAPPY R4FHIE B T GZIP EE A fF
polibpac e dis N

R 11 EAHENRR RS AR,
FEWEL N A F 483515 (UNCOMPRESSED)
Table 11 Breakdown of database read and write performance
improvement by compression algorithm , baseline is without
compression algorithm (UNCOMPRESSED )

HERBTE AR SNAPPY LZA GZIP
W Throughput 16.99% 1 16.01% T  0.17% 1
W AVG Latency 14.21% |  13.54% |  0.92% |
W AVG CPU Usage 1.89% 1 1.73% 1 2.75% 1
W /O Amount 54.65% |  55.52% |  55.59% |
Q Throughput 411.61% T 405.56% 1  201.85% 1
Q AVG Latency 81.85% |  81.56% |  68.12% |
QAVG CPU Usage 37.92% 1  36.71% 1  43.51% 1
Q /O Amount 97.71% |  99.22% |  99.34% |

3.3 EEEMEENTEIEELER T

MTEESR , B XA A R BV, IR E R RN
17 SSD DA K it 1 T8 B I SEBRAF 95 FEE B A9 SMR, IE7E R
FHBEREEFERENKER. W ERARRKEFHEE &
IoTDB &£ 5 ¥ fRAI R IR, RSB T 3 AR R iER &,
B SSD.HDD.SMR , #4TSE BB 5T ,3 Rt B AR B AT A
BHER 1L

MEER 12 RIE B A% T IoTDB A E B
LB, S B RET =, SSD #8%tF HDD #1 SMR & 4
FutE EABIRTT 4.1 6550 10,1 45, et 4 BIFR T
80.5% F191.6% ; 2 M85 7T , SSD A%t T HDD #1 SMR
ERGELE EARIRTT 7.7 550 16. 7 £, FH B ELFI
PR T 88.5% F192.4% . EEERHEH K SSD EAER/H
ViRl FEANEE MR A VT RIAER . 25003, T DL & 31 HDD 7%
ERLERMYIAER T ERIE L SMR B o {LH.

#* 12 IoTDB AR B3 & YIRS AR
Table 12 Read and write performance of IoTDB when using

different underlying storage devices

HERRIEIT SSD HDD SMR
W Throughput( Point/Sec) 13260802.71 2577494.95 1098769.21
W AVG Latency(ms) 22.66 116.02 270.82
W AVG CPU Usage(% ) 94.22 21.05 9.91
W IO Amount( GB) 180. 44 201.98 201.27
Q Throughput( Point/Sec) 252.39 29.07 14.21
Q AVG Latency(ms) 3099. 69 27041.78 55581. 86
Q AVG CPU Usage(%)  63.34 9.57 5.41
Q /O Amount(GB) 42.52 81.78 83.84

/NG RIRTAE DL &0 T IoTDB KRB MR EBE M

o, RE SSD w] DU AR SR E BV ) 1 B8, /2 SMR X
Rl AR B A7 40 B T O3 B L 45 1T DA B (R 9
TR, LR %8 10T B, B P50 2 PR K X A 3
Kaotad. Ak, TR E R AR FHRIEREFHER
G, FE 5025 R BB AN A 2 I8 AU , hy o7 Yot K A B R 9
PR T — AR RT R,

3.4 ZHBERERSEEXESN

%t I0TDB £ RETE AR FEAT AH I 1 409 2 00 Rtk BB R
R —ANEEFR, BT E X REORNE BirZ B %
BAREE, RS A AR L TE-$ O B KA o6 45 R AT T
MALER , MEE B IR AR BAR Z R BER.

M 13 PR, 7EH B AR R A A R B, 75 B 0 309
BESECHTARMRE. i, RS RY RS EEHITTE
Frewad , A I o st 2 PR R A e AL 5 1 REAE AR Z IR Y
EHEME. 3 , CN-Client Number R PATIEE BRAEM & P 5
BE, ZSHHPERNTE, TEETHEHEXERE. T CP-
Compressor TR TFHABIEELEF I RANESE L, Y
e LZ4 ERE A, 2T R AT E N CP-LZ4. i Tk
SECHIERE R B, H AT AT R B, FENE
AT TE X W SRS .

R13 RESENA

Table 13 Introduction of system parameters

SYEXIHET BHEX
CN-Client Number EPWmEE
CP-Compressor E&HE%:
DT-Data Type ezl
DV-Device REF R
EC-Encoding REHR
PS-Page Size TUER N
PO-Poisson LR
PR-Priority EIRER
QR-Query 218 R E
QS-Query Sensor BB ENERREE
QD-Query Device HHBENREHE

& 6 B T3@i3 % IoTDB Y24~ RE4E 1r A & 2 Uk
RS e T A E R AR, B R R A
KT E AR ISy WEUERREZE] -1,1]1 28, %y
AME R FOR A R B  , 38 H A A R R B B R
F 0.8 TR WE ZIAFF IR R, A M R HzE 0,
RPN RRZ P ST, B R R BOTE A
KT, APRE XY B39ME, 2 5E N X M Y,X, M Y,
SHRERANER XM Y i ME:

(X -X)(Y-Y)
E(Xi _X)Z(Yi _?)2

N 7 B, T RUERIHE , Ak B SR, AR
HHEAXERITREEMRERE X TIREERSH KR
BERERVBMER, RALRINT Bk, WERTHRE
BRSH MEREE REFHER & AT XESHRET
SRR HK ERMRREBX KT R, hE—1 K58
B—HH BRI, X BRE P RE R 0 3R 1, AR5
RBEBHAF, B, TREFHIEXNTIREER, B
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Fig. 6 Correlation analysis of system indicators and parameters
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Fig.7 Flow chart of correlation analysis
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