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Abstract Blockchain is a technique of distributed database which is developed with the applications of digital
encrypted currency. A blockchain system has the characteristics of decentralization, non-tampering, distributed
consensus, provenance and eventual consistency, which makes it be applied to solve data management problems
under the untrusted environments. The data management function of a blockchain system has already become the
important feature for playing its value in the applications of different domains. Blockchain systems make every
node contain a complete copy of ledger data, and use distributed consensus algorithms to ensure the consistency
of data. Therefore, a blockchain system is a new kind of distributed data management systems compared with
traditional distributed database systems. With analyzing the representative blockchain systems including Bitcoin,
Ethereum and Hyperledger Fabric, this paper focuses on the distributed data management techniques in existing
blockchain systems, which covers query processing, smart contract, network communication, and data storage
layers in the architecture of blockchain systems. This paper first discusses the main differences and similarities
between a blockchain system and a traditional distributed database system. Just like a distributed database system,
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a blockchain system has features of distribution, transparency, autonomy and scalability on managing data, but it
is also different from most of distributed database systems on topologic, data distribution, query processing,
consistency and security mechanism. Then, this paper presents the classification of blockchain systems on
different aspects of distributed deployment styles, node roles and topological structures. With the development of
blockchain technology, blockchain systems are designed to adapt blockchain application environments. The
models of public blockchain, consortium blockchain and private blockchain are proposed, and functions of
blockchain are regrouped and deployed to make nodes play different roles in a system. Moreover, the multiple
topologic structures of blockchain are proposed. Besides the chain structure of traditional blockchain, the DAG
structures, such as Tangle and Lattice, are applied to improve the efficiency of blockchain systems. Thirdly, this
paper analyzes the techniques of distributed data storage management, distributed query processing and
optimization used in blockchain systems and discusses their advantages and disadvantages. Specifically, the data
storage techniques of existing blockchain systems are deeply analyzed, including the data structures of storage,
as well as the organization of data files and optimization techniques. Key-Value databases such as LevelDB are
usually used in blockchain systems to improve the efficiency of accessing ledger data and state data. Currently,
more research works focus on using different methods, including database, index and distributed storage, to
optimize the storage of blockchain. This paper also analyzes various queries in the existing blockchain systems
and classifies them into three types: account query, transaction query and contract query. The distributed query
processing techniques used in blockchain systems are discussed. Fourthly, this paper points out the challenges
and development trends of distributed data management techniques for blockchain systems, including distributed
storage for blockchain data, efficient and secure consensus mechanism for blockchain transactions, high
available query processing, distributed management of smart contracts, privacy protection for blockchain data,
data audit and monitoring in blockchain system. Finally, this paper shows the distributed data management of
blockchain systems in various domain-specific applications, such as finance, manufacture, network storage,

credit and other fields.
Key words Blockchain; Distributed Data Management; Data Storage; Query Processing
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[ Reads[] \[/a u:i.
13 S % 5 Writes[] m———{ [
LevelDB ‘T—V
Txn
Reads[]
blockindex Writes[] w
S j_V
XS MR
Txn
Reads[]
Writes[]
L s
ARG

(@) KA KR AT 8

3) historyDB: [ LR, fEMARAS EdE
i Key IRRA AL ;

4) blockindex: Z5IEEE, 74 X HLH L
%5l.

2 K A AH EE T He ARy AT DK 37 B A B
BRI AT B R . 75 R KA TP OE i HE T R
ST 2B, X5 Kafka JHE RGEM
Topics HHIF], RERESCBLEE AR, WA 6(b)
FivR e RRANEIE XS B — & X KA, HE7 RS 5
SRR A 5y T K AR A J2 R N 0 1 R A4 B T A
B, AR X B S E T 3R 4R NN IX AN B IE 1 Te K 5
Mo BEAMCIKAT SR LU Z AN #IE, — B #
TE AR LA SOETE (0 X B 2, T B N ) 1 )
TR T A SRR ANEIE I EE . 1A 6(b)H
O A L AU TEIE 1 ALEE 2, Rk HEE
O T AN TE BT L S A . (R, X L U R
BER XK T s, HE ARSS T AU AT PR USRT
WA . RIEEAE AL, KA X P
oy NRGIRAFIFIK A, TEFTA LT 8 E#A7
TERIE AR A RGA, TEFB I/ C T SAETER)
W T A

\ I?ij%ZJ \ IZfJuJ \ lZfJuJ

\ IYijuJ \ gf;uJ \ lZfJuJ

mm&%,ﬁ 1 K A 2 K1 R 3
[me s

(b) ZHIEAF ik

6 EPIRAR A AT A

4.3 XRERGHOFERUEAR

X e A Ef 1) 5008 45 M A7k 5 sOF A d &
SEIN A Sy i R B W B K S Uk SR E W . 4
SRV 1R X PR R 7 N P X Bt AT by, Rl
[X P 2 G A7 il B AT 20 B AR 17 I
To AL, XEREERGHAEAT i S M A s AL 205
R TR BARR i ot 195 19 280 M-
. AT X YEE RS0 T b TR A2 G
PO TT i T B = (8 I e AR G B X

K A R R R 51 S R 3 R A U 1R 28R
JH 93475 AT fi SR 1Y A7k 738

(D BARFEAA RS

) FH et 2 P KAl T2 2R Gt B o B0 A7 BV
DX BRBE 2R g8 Mk P R (59, IXFEAMXRENE 5 v
Hm v rERe, thRENS 5 e 2R SL RO A A7k fiE
M 2 1] LA H Level DB H 1224 ELAE T A LK
D555 X B R G0 M A o B A X B il , L&
%5 500 A7 75 Hoh  BigehainDB R 411K T4k
P R B A RE ST, B DA Ai A 2
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RGAFEAI I X Bk RE 1, 7E BigchainDB2.0 fix
AR Z A 7 MongoDB ¥ e MM 32 45
HEARA S ARSI, W BRI
LT HAXRE RGN BIEAERS, W
ForkBase 77fif 24"t T i A& 51 45 M A 8L
PR, X AE AR 5 BAIK A RGi45 A, UStore
R G S F o X Yk R ALR R

(2) FEIZREG| 451

HHE 2R 51 A A U BOE AU e R Y SR 4
AR, XPHE RS R HR LRI Z il 5% 1)
R &R

FH T X H b 58 2 B0 B A A T O i
i HUAIX HOA AL T A7, 1X (%75 Bloom Filter
R SR XEE RGP T 2 N . diwT AT
W, PR TR G ST IR UE Y R I R AE X
L) Bloom Filter i Kad g€ XL vin), LUK
FEX Hesk b3 7 Bloom Filter 4544 LASZELA H &
) 3% 2% . Bloom Filter 45 #4) RS PR FIWr— AN e
RRGAET MEGZY, FNHLFHRNAES
(B3N T LR A G2 18], [RITE Ui 1) £ i)
AT LSBT X ey ol i € . AEAB KA R G
B2 T B RS X S Fp A, HR 9145
TR P B AE A T F (8 A LevelDB ££1ifi .

BRI ARG R A T2 XRG], A
Py KPR o495 RN X Hdm 558
Gt XA G 95 AR ERE], i
% 5| BIAEEAE blockindex $3E PErh, ANFEZEMZE 5]
(%) B e e B P ot 24 R AT X 43, 91 [X B
5% 5] HAE & "n"+blockNum, ‘Z 5|5 value #F
Iy AL BAREE, FREHI A A AFE S
T SRR EAXE S ], AEAER A AR
FARIEAE LevelDB idi i .

(3) J3 A A TR

X B 2 g0 o A8 H o0 A SO PR R 40 i A7
i SRR = A7 2 B A FH k% . FE LR A LA
KV RGN 2% R IAELE “B29 87, T g 2
(1) LG AR 13 7 S SO B AE T A, XS IR 4
X P, TR A X kA Bloom Filter
RHl R, TEHT 2 5 AR AR S 2 5| e 7 2
Ty ] BB AL [X R ) X BRI, P 3 0 D 8% 1 ) M4
FT PN O B X HRAE A AT I o IR AR AT
A DAFEAEfifs /D BB (1B L N R4S Gy d AT B0 E

R 2 T A 2 40 U] A FH 22l T A S 2
BERBRAT M, W5 B, REANKARKE R B X 3

HEAPABTE —2HC KT S 2, RN A R Bl
RGN RIEE IR . N T R X P ROR
W, SCRR[43]3E H T 3T IR BT A 40 A o X B
BEAEAB SN, o H A SeEl 2 A A A X BB A
T A A ARG, HFRIERA R R
B AN SERE X BRI A

4.4 RREBEFEAFRBIE]

X B RGN 6 LKA T G T2 5
FEHME, (HFRIE Rk T BRRAT EE XU . =57
ST DR 8 A A, R A 5 U i L 1
SO AL B SR R SR, X EE RGN E
N NAE B RS Gy KA T e, 72— S 5
T EN AT B N AR B BRI DO S TR A s
EHIB AL R 32 B R TR R A SR ML AT $E
AT e R v SCR JE AR . BT, 24
LT AR 2 £ 0 X R HRE I R AR i, X R
HE RRTEHEA [FIFE B R AL -

(1) Hf I -y HL ]

o LR B 2 R 2 00 27 B0 B gk AT
InEs LSl R A O A Be e R HE . IX 2R AL
TR BB F 715, 388 SR B W RR 0 &5 B A AR X
RN EIEE AR 5. 18 X HuEE R 450 Al s
B DX B A7 A F1 A8 5 A% ek A2 3547 0 % DA AR AIE
A, (HDAZIGRIENT 55 RE S 7E D 2 50 - 5 g
DyWAEAESs, SNTC sz B, AR IX 7 T LAY ()
N2 M (XMR) Al Zeash finasLgl. Hrd,
72 o 36 s oF i H kA5 P i 8 45002 2R e BE AL 1Y)
Bk TSR 7 B &M HAE 2 W), Zcash MIPKEAZ
5y A s BT AR O, SBl R A HHR A
AREBEA S WA, R Z R HE AR
Zk-SNARKS FRIGAEAZ Zy o JNEE LRA AL 1 Jo PRAE 3
PR TN JG I e BRI, RIS I3 S 2 4 4
B AR DB D B

(2) H¥E ks L]

H i B 2 2 K B AN [ B A 75 SR 1) 22 5 Tk A
TEREEA R A s A o BB A FH 3t 2
AR AL & 6(0) T, KA 2
SRIEIE 5 XS B2 AN A KA, a0
FE 2t 3 5 JHAH G (1) 388 38 0 AT DR UE Y 2 B S
PERRAES M o T3R5, B I R AT A
IHIEAZ 5 B G b AL EE , AT DICR A RAE SR
FIT % 3 o015 B 10 77 35 45 6 R A 25 5K s g 3t
W

(3) BEAMEAENL
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BEAL (Off-Chain) 17 (A JE ARG 1 2k
RS BARAF AL X BRBEZ S, SO R AP A
BRATE X BREE o AEXRP 0, 3 XCBBES
SUENAE Gy AR AUEN, 58 B AZ 5 45 B R A
Bl A JE A 3 BOR S 8 TE AL A A ik A2 AT T R
s b EEAROKIER Quorum F 4t FA N VH BR
BEAM AR 3 B IX B A A SRV R I i
S0 LOARF T4 22 FRD DA R D % U1 g - S R F bR 2
TEALE, b a2 Sy A A E D s A7 il 45 3 A UK
A b, AUE A S A R B, TSI R AL
RAIIRCR -

(4) HABFALRE B

F8 50 WY SCHL ) A2 4 X B mh (1958 5 B0 o o il
AR AU . LA Corda REEHISEH
Bk, Horisid £ U idE 5 2L Merkel
P05 SRS IAZ 5 I B AL IR o

S IR DL AR 28 5 & 1) By BEAT 44 4L
HIRSFA PRI T ik AL — IR —#r
X P EAAAL, TSR 5 2 8L B A T R Bk
Pho HABK S RE ARG H L M4, H
A AR AR R A A B A T AR A
AR B — 20 N BEAT 25 44 i A M R SEBR 25 44 3 145

=S|

o

4.5 XREFBURFHEYT REA

BN IX BBk 2 40 H A 4E58 & s 11 o0 A X A7
it ThRE, (HIA XHEE RGN T IRIEEE A7 6% 25 )
AR, ERBETE T AH N A7 A FRATL i) S0 %
B 76, LOBE R AR S E Bl 2 n X
Hezs ).

(1) LbkFm R41) OP_RETURN 257

FLE T R GETESS 5 1) output #6730 $244E 1 w2k
A, P2PH 28%UF1 OP_RETURN 28%, fi# H+4d
SEAE G WO Hkk, JE A F A A8 5 ki LAk
() HAB % d . OP_RETURN KA A & (R 4 5
P2PH KALEMFM . HTFdZNELHEE
SRS X BREEPERE, DRI 43 (1 K /INE B
e B X PV R e PRy 40 4795, BT, B
R 1T DX R IR — A7 i 2 B) 32 22 5 0 B0 0E Th BB AH 485
& W TR RATRERIES), LA B
S5 B K AL -

(2) ZHEEAFAENLE

11 X B b A7 i K= A 5 B0 A U A%
TEE MG, RN ST X PV AR AT
ERT A . NICAHICHURGER T 2 BE2E MR, St

R EKT HEZE ., ZEARRH T 2 L84,
434 Token &A1 DApp &, H A AR 35 7] LR
AR RS XA, B AT RO IR P A5 B A
EEFEEEH P R4 E, MmET A28 DApp 17
fift 72 HAh 55 b EKT HEZL 9 fif vk 5 B TR A 4t )
RV S8 1) 21 A T 5 AN [F] 32 8 B AR M 3g & B v
FEFLEV T o RAEFEIOE . ZREHERAX I
G B e it A R iR 7 5

(3) IPFS ISk

IPFS ClInter-Planetary File System) f&—/~A[ R
RS PRRAE P2P S R4t fF1ifE IPFS L
ISR A 373 B F s oy dioFtd - [RIN E 309
FREE RSO, IXARIE T SO AE A 1) 22 4 1 A s 2K
PE. IPFS fIfZ .02 2T DAG 451411 MerkleDAG.
MerkleDAG 77 s FIEEREZH B, 7 RUAE R Eids Sk
PN RO &R, BERAE M I 2 245 () Hash {8 .
IPFS &N T FFEAC HTTP B, SEILAE ML 77
fift STAF TR S

WAE, BT XY RGN X P (A B R =
5, RZMRTAE IPFS 1ENREGME LY R
A XYt RGN EAR e ). LLKY+IPFS K47
fiti 77 SR B AR 1 IPFS Hash B 7E LUK
X PR RS S a3 A S A E IPFS
REGg.

5 Rk RGN DR E BB

X HBE RGN T SCREX A8 510 5% I 36 10F 45 ¢
VE 7 BRI N R A IO R . T BUE X Bk
RGBT S5 I ANAE SRS YA AR R, Rl RGP
SRR W DI REARAN TR, AH L) A 1) b 3 S st H
BRI ZET . A0 XHEE R0 A 2R A b
PSR AT VLB AT, et — DX X Bt R
AR R U B LI LR S A BT B ) 43 A =k
BEARMAT UL
5.1 XREERGRIE AT

FAN X B 2G0T SR A R RS X
Ptk 2 48 AR N AP S M P e « iR 2 if)
A R Gn] DA X B BE 2 4 (1) 7 0 2 00 Dh g
AP ER . R ERAE LB . XBATTEH
) R I T 2% X B 240 i A2 B0 &5 A A7 i it
SRALRIAT I RE .

— EKT. https://ekt8.io/
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(1) £

T 5 9 2 FE 0T X HEE A G Hb IR ik P kA
FREATE W, @FEHTZSRIE. 25 %IE
FERIEK P I EEE I T ARB, BE RIS A
FERUEE AT, 38 DX VR 1K T a7 T Ut
Thig. LA ALY /g 1A m LUE A
M 22 Jily, DRI HIR P 9 32 B X U P ki A 1)
BB mmEi). W mREHEA M NS,
A2 FH FHAE 5 FT AR BRIFPIR S Bl UTXO Rt 5
R P Bk o 2 1) B ARE TR A, A W 75 7 1)
TERELE LevelDB 1) UTXO ¥dE. LAKY; 2 {E
FATK P R0 AEE I FOIRES, AR HE A7
SELEARS A P rp, Hom RS 5 X HOCH . %
T Merkle Patircia #&5 I FPRAHE,  BLUKBGREMS 5L
FFE K-S 2 B EEME R EK S K%, mxT
KA RS, BT HIHEARARMAEAEIKE
BUahpLE], PRI HK SREH AL ERGELE.
RIS 2 — LR A B H AT, A RS
s RIKAT T B CLI 3 DS ER A
5 RS PAT A HRAE,  Hr o] WIS e 2k A
RGP EE, NIHEAEARSER T 2110
CA PIETT fRSEIUK 515 B .

(2) X5 #h)

I 5 B TR X HBEAL Gy AT Vi A, A LASK
I SCATIAIE . SCATIGUE T 7R3 A — 2628 5 Ja A Wi
ZEIMZ G ECAHRE | XEEE R R g
iE. KRR RGHIAE 5 B R IR — NS S (EHR AL
JEREHM, WRERSREHICRKERSF, F
TR HE T2 5 WG A (B V7 7] 52 5 i/ X HL 304
177 L. ELLRY RS H, NI TA8 Wi
IV 58 5 B SEBLNEAZ B IR . B A R GEAE N
3 T X He 2R 5] 45 My Sz P A R X R AL 5
IThRE, XHER G| RE0E SCRF 2 FhAE 5 BdE i il
BFEIHETZ G T 5 G5 iuE G X Pedh 5 3RELX
AL Ty o TE 9 A A X B i 7 4 28 31k A
AT, PUTETIRESHEE X PEAIE, 7RI R+
B RS Bl

(3) &

A BRI A LRI E BT &
o DIOKSG A BWSCHE if8 L me g SRR i) — N R
HATEE & — B R R A SRR AR BT SL
TS FRAS I 25 & AU - o i %, UK RE
BB WG AT G . YK AR RS
YR oNEERD (Chaincode), AN[E T~ LAK YT RE &

2y, HERG AR e A ARG B S A7 i 2 X
Herp, TM/2BATT Docker B as2 . BERLHAT B
REH A LB R ARSI EEE 5 B A
(Endorser node) @ iERGHE M, FENE B AU
i) T A% - 24 R B0

5.2 XREARA S A LEE KRG

FE R X HBE R eIk Raf i, TR 2
XPEE], BEASTT RAS Al Al R, DRt
DRSSy (B W AL B AR R A AT . 2RI, BEE
FRXBREERGNIA R, R IIREE LA BT s
B AL, (RIS 58 5 BT ha A A oA A
P BT SAFEAITT I . ik, R0 X e R4
HIAE Z5iC K Ak R ANAE 55 25 ) Ab BRI A6 T T 20 A1 5K
KEPESEMEHAT - BEAh, DN T SEBILRT X B oh i 6
TR, A AR SRHT AR X R R G2 P
AL ERAEZL .

(1) X BRSO A A i Ab 2

X IXHVEE R 477 Rk, e AR 1 X
ARG TR A il 1 XIRBER i, it
AT R EA BT S AR S B A B . Xk
BE R GUAE 47 R B XHOR AN AZ 5 (10 ik Ak B
K 55 b U AR R AL B s, R X e
TRV IR 5| ik m iy ) 2. R 2 XHUEE R 4
i1 LevelDB £ A7 it X Bt Bon s B, HH
K2 T B E R 1K) LMS-tree S5H0 52
BN WEIE IR . i D X R 757, i
FIBE (L HE 2 ) W DD RS B AR BN i R UK AR
KR REERGE, TRAIE T2 MRS, LR
rebf X HRAMIAZ 5y 5 1) R0

(2) DX B A i) 73 A A A 2

w1 T DX BB 28 Gt X B S 1 Bt 20 A1 30
PR R DU T s 8, 1 2 AN b
BN T X REE R G2 .

ISR SPV) A LR 5 1 L

Bloom Filter N
— - ECIINH
£1272 ) Bloom filter 2.5
R AR A1 3.4 X 3k R R £ B”%g&;“

Merkle #f L
e —

K7 5SS IR UE O 20 A A i 4k 2
EU A T 28 G808 FH 10 T 5 S BRAIE (SPV) AL At
J& T oA KEWEOAR . B ST IR AR AT
Ty BISTATIRAIERT s B Je AT T 3Rl B X
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BER DX PSR, B A DX B SR R B0 UE S AT
(1) Merkle A% & A5 TAE B A%, B Jo AR AR WA A VAR 2%
12, THE Merkle B IS A5 B, 411545 R 5 A
X ek w1 Merkle A4 IR PG A AELEAT LU, A 3]
FRFIRAE AT X e o i B 7 11 X B B 7R X
Pl o FLIX e sy BE A G0 DA 22 SR U iz S A 5
WIS . RS AT R P AT IR B 7 B,
) 7 B A O PR I R AR L.
W, BT IR R 5 75 Ak P Hichik AT 38 B AL
AT, LLEETR RS 2012 £E(1) BIP37 A
T A e 2% (Bloom Filter) S H 4 [X Heidk 471
Vo FAZ Gy ki A g A I R A T DA Rk G B
PR 3% Rk T 3 A ) B RATHE B IR, T 41T AT ARAN
AR AT et Y08 48 45 SR B0 X Hf BRI AT . ]
S AR 5O T RIEIRAIESE R 5, &5
ZANET EURAE XA 5 AT IRAIE

(3) FF oAt H M AR

TEX P RGAERIHE T, B EARZE— it
BRI o3 AT TOEAR AL B AR R o T EeRs AT A
RYX AL AR UL S X St R 58, 7F
TS TAE SRR (PoW) 55 7 2R SE I C K 3511
MUl B S 53R SEE RIS, &ME )
IKIE AW I, X FBCRACIK T AR AR
MERSAF X AR M. Ak, Bt L@
TAE RS R4 UK E ) share 4 Kk 4s HA
JIWIH™ TS s, B L s 5% share 450485
SR, R AAZE I X H AT S R E AR I
M PR X B R 28 Hp . it AR AN L A5
PR B E T R AR, XA 8y
AR, BhAh, BIRERSAE A E I 43 A =X
A BRI 77 2SR AR 28 v A SR SRR AR AR
SR, R I8 A R o AR XA AR B
FUEBRERE IRAT 25 o

A BT A5 A s 20 B AR 0045 Pay Per Last
N Shares 13, (PPLNS). Pay-Per-Share f&=, (PPS)
Al PROP #5304, PPLNS #z{2 MR AET 210 N 4>
e RS AT g, BRI th— BRI T —NX R, T
AR D7 RO ARE & B Dk i i £ S
KABLXHA I, HAE SRR AR, RS
B A X RIS 2L i J5 A e BoUi . PPS AR
FORSERIUNEE— share SCATHRIN, H A2 HIR
VE T I eI, PR B S e Ty
AN AR X HAE b5 R Bl A B AT 3R 15 R
PPS #E 7R ZEH WX U AT AR B, DA

FCAER M rb B 5577 B A 42 1 e ) 2 W 2 . PPS
RO T E R AT SR A W R R E IR L R
2 Y F & BT 2 R A U ARy e oK.
PROP 32 3T PPLNS B 1), {H 2 77 ZA5 X He
NG A 2o, X FEUE A e K.

BRI R BE % e B 7 1T s R R
SERILES, (HS2, BIBEAR IR e X P &
1% QST Y SN A S RS R TR )
MU E TAEREUER N, —Jrm, d&EmmE s
T8 X B A B BEAE AN BTG 0, I ) ) 55
B RIE T, MG T RRIRIR S, H—
[, TR RE SRR AR E WL KA, 18 A
51%ML ik W EE S A ) . BAE, CEHEZNET
XM REMRGERE TR WE &S T
A J) B1%IE DL, NIk R G 4E A 1S AN 18
T BE SRR A X PR ) 7 AR R o

(4) XHBERIE A FE A B RSt

THIA X B 22 G A% B (1) B ) Thie A PR 1 n) 5t
KREW L TAERPH RG5nlde 78 BT
IR TT 58 o BE BB TT S4BT XU AA A 45 1)
AT IR SRR, BE T AR IR X HREE I
B Z 2 B 7T &S DY R X B i D)
REFF 0 F P At B8 2R 3 v R X B Uy i) 24
AR 8 1 X Bl 251k R G882 R 1B R i ok 7
% . Etherscan_N$2fit 17—~ LUK 5 X Heix W #s
{E ] 75 DL K 35 X He i &k A 758 5 4B v] LLAE
Etherscan _1Jjj [\ # % . Etherchain_ [FIFEHEAL 1 7ELk
I CAR B I X B A2 5 NI 1 25080 7 i) T e o
Blockchain.info_#1 Toshi_$#2 4t 1 % b 4F i Hd 1
RESTful k35 V5im 772, FRERH 7R X B
TE0d 5 8 KB FE R g 17 AR AL S5 w A i)
I IhRE. LA FIX e RO 10 2 JE A X B A
I ThRE, TR 7T 2 B 1 T ) X B SRAL
PR A . EtherQLIMMRE H T —/MEET LUK
RGN EWLZ RS, LI X e 5408 (1) 75 ]
B top-k AWMSEHE =M ThEE, VAASCR FE
JS2FH B X B 50 407 Gupta 25 AP T T 1)
BRI A TS P A 1 AL PRSI S TR B A
UL A TS S I015 B . Bartoletti 25 AH

_ EtherScan. EtherScan.io. https://etherscan.io/
_ Etherchain. https://etherchain.org
_ Blockchain.info. https://blockchain.info/

__ Coinbase: Toshi project. https://github.com/coinbase/toshi
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P T — AN X HUEE R 4 AT P AE SR BT S,
TZHE 22 Bl 0% S E R T A UK D7 B 20 M - b
b, A I FC T AR RIS 28 G X R 1 77 fid
PP B E R2 5. ChainSQL K X BaE 544 S 5
EIEESE S, SEPl—FhAH 0 2 T X SRR 1 s
FERLFH- &, B e P X EREE T A, $E
Kt e (RS AR

Sl X B (g Ab B, BLOCKBENCH 42
BT AN R R AT B SR AR A S, R T T
R BE VP AN 10 2 VT AN FE HE A T2 MR RE DT
5 B OW PP JE . BLOCKBENCH %} BA A
Parity UK AIEAT 7404, 54047 20 1
AT T ARG

6 RR#ERGH DR BB TR

X Bk RGBT MR ERARE R T
PR, BUE QN Err L S B RS 2 X
B 2.0 BEANFEIE) B A B A A AT IR EE R
FHXHREE 3.0 BrBr. XHeBE R GE A AR
BRI CARZNATT, (H R £ X PEEROAR N
PP 2T o ARl [X B ) o3 A1 X
P88 BEHOR B AHEAT BEA I i 2B R T %5
6.1 XEREHIRA D AR HENH

X Pt R GACIK 2 A ERA 72X
B, BEE RGUFAEINIEAT, X BUEET
AN RGN, SXIE R T R & A A . B
s o A8 T 3 AT PR A 1 AR TN AR Y,
DA OB B TR . £ 2019 4],
AP 7 28y N LLRS T X BRBE R 48 1 Bt AR D 42
X3 200GB, LRI A HEMIES] T 1TB LA LK
B, — BEOR BB 1A 5 d R IR HI, 1X
S [X BB 28 4t (1 s BRI A DU ey TR
X R X BE R Gei =, ARMECRAERE A7 1k
T AR AE U NI G v S A . R 4
il A 7 A1 A7 G HL AR 2 88 0 A 3t 7 g Ak AR A
IR, e 7 X REMBEEM . EARK
{10 NP r DX B 1 A7 i A O 2 ] 20 (X e
JE I B L

7 X BRAGE A Ak 23 A A7 fif SRS 2 A R [X R
B R GURIAF Ak TR T 58, RES A ROt PR %

_ Chainsgl. http://www.chainsgl.net/PDF/ChainSQL  #i A 1 & 45
v1.0.pdf

ANEIKTT S A X A A7 i SR 1 H
B PRAETCIK 5 A A7 A DX L dts, Rl &
e T KRB IR AF R B e B X B R AR . Y
T 1 DX HUE 22 2958 1 43 AT 2XAF fifh SR A SR 58 A7 1 B
Uigo LU BRI TR B FRAGAIE TS A, (H
2T RO B A X R R . UK AR A7
i SR o B AN K Y ] DAE a1 s S8 AT A
TP B TE ) X BRI . X PPy ik AR
TS HY ARG AT EE, Hh T NEE
X RE— AN I AS X Hel, DRI 2 K A [X B
FE5Y i ARG G5 AR SR IS S RIA AT A

15 X Pk 22 4045 23 A1 27 it SR s 1 6 22k
fREFE LR LA 5T -

(1) XHEERAE Gt Rl 53 S

A7Ait K1) 5 S0 2 H8 10 I T AR AT X HLE (1)
o FHE B, AT FRARAE AR, PR TR
TEFRE T ARG N X BB LA e BRI A . X PP 5
RER8 PRAIT R 3, (H 7 B ARE 755 B (e
RGP EIARE, BNRA TR R EIRS AR
i, T PR R R e APk

(2) R A4 I X HH 25 1) A FR AR 7Y

DX BB 53 Fr A7 it ) 75 B A e 280 1 2 70 S 1Y AR
WEAE Gy AE AT . BUA B AR R T e 2k A
PRt iy, MAEAEfE s e, =B FaEdit, X
K FEOREAZ G ESHAL Y, W 7 EEa 3-8
BEAT A o X PP AR 7 FOK T R IR R A AE TPS
HFHERCE, — M AT AR T SR 6 3 AR )
FAT S BT 0, Xt R X e 53 1) 2 v b
FRER AL T A R .

(3) Ha F T 0L IX B 50 4 4

[X BBk 2 48 OB 42050 2 FEk, oA 3017
it BB AR KR, SRS HE
o TR X B BUE SR A Bh TR A X B
HEE ARG T RIMR . — 207 R A ) 45
I, BN A I G E (DAG). JET DAG
GERII X Bk R S8, ACBRICRLEE B X B AR R T AL
5y, T HAZ A0 LARIRHESR AL 5, X AR A
HATHIN . A —R T ERKA G 32 K8 b,
B3+ LLRY 4> A (Sharding) TiH . X2K07
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Background

This paper surveys the state of art techniques of
distributed data management in blockchain  systems.
Blockchain is proposed to construct transaction systems that
are decentralized, non-tampering, distributed consensus and
final consistency for managing transaction records. So
blockchain is also a kind of distributed database management
system, and it will be widely used in the field of financial,
banking, education, and so on.

Blockchain system has significant differences with
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traditional distributed database systems, since the participants
of blockchain are organized in a peer-to-peer network. The
differences mainly reflect on the pattern of data storage and
query processing. Blockchain organizes records in blocks with
a chain structure to link them, and allows every participant
download the complete record collection. Based on blockchain
technology, some blockchain systems have been constructed to
support digital currency transactions or smart contracts, such as
bitcoin, Ethereum, Hyperledger fabric. These blockchain
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applications are also different each other, and adopt various
techniques to manage data in their distributed platform. This
paper focuses on discussed the techniques of distributed data
management used in blockchain platforms according to the
classification of blockchain, the topologic structure of blocks,
the storage structure of data, and the mechanism of distributed
query processing. This paper also points out the challenges and
trends of existing blockchain system, which will be the future
research issues for blockchain technology, and also for
distributed data management.
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