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Abstract

With the rapid development of Internet and IoT applications, data processing has gradually expanded from structured to
structured, semi-structured and unstructured hybrid heterogeneous data processing mode. A large-scale heterogeneous
data parallel processing system was designed. Based on the functional view of a unified platform, the unified resource
management framework was adopted to store and query a variety of heterogeneous data, including structured, JSON/
XML, graph data, document data, etc. Adopting a unified database language, the parallel computing across data types and
database engines was realized, and the needs of multi business application development were met. The feasibility of the

system is verified by standard evaluation environment and commercial deployment.

Key words

parallel system, heterogeneous data, unified architecture

2020030-1



TOPIC @&

19

1 8l8

HitS 7 T 3B o AT 49 3B D J92 S ) B A
Jee, Hs 2R A KBS, — 7L
I UL 0 I 1 S B0 S0 5% 2R TR PR T
P AT A W A S R, T
T B AR S5 B2 AEAE, BRI RI 2R
BYRPEFFATAS L, K e RO 5 A P M
JEIAR, A BT

NT WA EF LR R 2R, B
AF A R o TR i Sl — 075 T 7 A A PR A 4
AUESFART BT 32 T IT 3 H B 155 208, 55
— 73 THI 75 AN KRB LI | M AL
I, e THECE AR TR AL RE 7T, DY it
L EE ISR AT LR S — B R
B A E R AL -, SEB R IR G — A
&, HeaEBats X, SCElA T SR,
GE— PR AE I, 2 B i e A il
A PRFER, H g5 Sk A e i
PR S BEL F LT A AR

2 SEARARSHK

F19704EEdgar F. Codd& A ¥l IR
(36 3L € AT R S S 0 e 1 o R AL R
ALY DL, S50 MF oS sL ik, 7=
AP L ERE A5 T8 I O FR Y AR G A
PS5 M E AR o (B A5 L6 Do 0 A 16 D 7
FHE P A e, E08E A0 3 p Pl 288 1 HIASE
AETRIR AR, RO SOREEE
JSON/XML & HE 25 45 (0 £ 4 1 b 275 5K
Ped g4, 10 H i Ab 1 75 SR M 2544
A E e RS T e ey AL AN S 2 AL A
ARG A IR & I EE AL 2

IT104ER B T—FP X NoSQLEL #
AL BREE A, FHAR R B R e —

S 1) S A IR (R 15 T B e A 2R
FER G, NoSQLA R Ab 1 2 58 F#L4y
RERE: OB IR AL R 5 TR AL
B RS BigTable B #aAb BL R 55 . ESMT
P AR AE N0 SQLAIE LE A1 BR 12, .45 LA
MongoDBHIElastic R 1 SR %L s 4k
PR S:, LANeo4JflJanusGraph HfC
KPR P R %5, PALHBaseflCassandra
NAFKMBigTable £ it ML R 55 . HNTE
FE R EL TR A B AR A T THI R A 5
FE20004F 7545 U BL T s DLR B R e
AR, AR AKRECELE RN A
A R R R AR R PR AR AL
PaPEAFR R M AENoS QLA A B 17
ARTTTH, ENAE SN LT R — B A 4G
FHARMIBR o ) RN AT F 3R
BN s, WP = 25 G RERE =1t
FHOR, R AE—uh UL iR 55 O dE S5 /10
IR EE-5, 1% 67 U AL 280l £
PRAE . BURIZ . SRR WS .
BRI SS s BEIMEERHL (B AR
NEET TR B IR, SEE TR
FAHHE . KVE R . BER . SOEdRSE2
S IHAR AR . AT
5t A B, 4 Bk B B A A SR A
K, BEPREIE/AF (international data
corporation, IDC) TN 202544 EREL &
AEIR 175 7B, vk p A A
ARARTH RGP TG 30% L W, £
P AL PR A T B R 2 F+ = PBY,
4 A0 3 2R G A R T AN R
(scale up) #[E[A4 J# (scale out),
TE G T AR AL B AL BRAE TP S
MR 1 %G Bs Ak B ER 48 R M AL FE N R &
AR (symmetric multiprocessing,
SMP) 2848 | KIAIFATALHE (massively
parallel processing, MPP) ZE#J A A2
MPP+HadoopE 284 , SMPILA ) 7Y
oA Oracle, DB245E, MPPZAA [ #17

2020030-2



20

BIG DATA RESEARCH A#ifE

2020030-3

RFHRBZE AT MHANA, GreenPlum
&, MPP+Hadoop R & 28] s A EEH
DatabricksAHHIDelta Lake. Y5/
T Lake Formation&E, iR ZLfg4 B4
By, AEAS A I3 A 7 M T i AN e
TR A b BRFE 5K o

3 SHREAGRAENDESER
B

20054F, Michael Stonebraker[f]i& ]
TEZCHRAL BEATUS AN AFAE “one size fits all”
AR TT 2R, REAAFAE—Fh £ 98 4k 2 &
2%, BEMBIE N T ML b N 47
H A5 A ¥R AT A = P 2R — L L AN W b
o BT SMPZRA I ¢ R B s 22 R I T
19704F101, AP FEE IR AL B4 K 555
EHEVEA, BT HF O H bR AL 2
FCEL S, Bt DAKE B 25 #4050 i 1 Ak B B
g, Jok MR S A H A B 21 A
AR HTIAE HAN, F T SMPAEM £
AR G RE AR T — M SR AN AT R A T
=, JPEAAAE T, A AR

MPPIEM I Z 0 TR o4t =
(share nothing) , IF-HEGammal”fl
Teradata 53 W, MP P2 S ] A
i 7 AR T R G R RE, R T
SMPZEM I RR Y™ Je 52 PR A Al . H ok
1, MPPR G /& Y 2 AR & i b 2 52451
H R AT SO TEIR AL B R 5, 45 S
Z AR ZE R, B S S DA R T
R H AR — &84, (EMPPRGURIAA
AL H A E s, HAEUMETHRN, T
[B] 75 BLHEAT 4 0B A5, 577 A M 45X
7, PR T MPPEEREATHL

Hadoop RS AE20034E B, IAEE
HESZ TP RINAESRS, (& LI T4k
T S AR MapReduce!® | Impalal®,

Spark!9, Flink"ME&E—ZF| FFIE L1 5 AE
B IE LSRN AL T MPPR S S
Hadoop R G HZE G 1 “MPP+Hadoop”
TR A BB A0 R A, I 2 HUHE A B IR A
BE T DAL B 25 My A E 4, AT DLAD BE
M E s | RS R TR, B T
FAEEZ DT RGH, 1& A S
(capital expenditure, CAPEX) . iz ik
K (operating expense, OPEX) #4j1, [d
IS AT O N30 R —ZCE A DAERAE o

B L LR S T 3P AR A LR A AR AE
A

ARIFET G5 e G n9iz it
JUE, 8567 K, B T—F K
A S A E R AT B R 5, FEZE4
RESNGE—INITREBEOER .. S— s
WRSIEE . Gi— a0 XA s =
G—MRFEREEHE, ZRFE LIHFEF
AFEFISQLFINoS QLA AN HL 5 [ 4, S ¢
R E R . BEGE . SR EE L Rk
JSONEE LA P E IR A0 L K R AN 47
B, I eI G — I R 4% R AR E e
SIATIRSS, JITF R & TR A G — r R e Ak B
N

4 REZH

AR H A RS S A S AT Ak B
ARG E 2T 7R

ik FEREG—MITREOE, R
FrfERISQLIF R B2 Cy pher 1B & #211,
1 G — TR T, TR o S
T, P G — I A B, A e S
PAT I RI IX R G — T R e O ZE i Tk
R TAPIFR IT AFAERI N S 22 I
RME B TR S R R, BT T BRI R
(Ve

GE— B P v S S R W DL R



TOPIC @&

21

SMP4AY

o TEIEAEBEARLE AL R, HEDASEBE
SCAG AT EHRIR SR AR
o JCEALBRGE SR, 100 GBI

* HREAR, ToSRE R

o IRCMEZE, RENTINTR, ML
) ok S #3255 A E Lol 55

o g, RENMAESRS

> o ARG EaiR RS

AN >

o BRI, SEGMTHE BIH S
ISR ) A3

o BARTEWAEEDA, BEARASEM

o BN AR BIE LR R 2 B,
PRIE BRI R0 R AR 15

o Bl —EH B RIE

MPPZEA >

WHAR LR B AT
o IR ERAR
o IRk
o PRRMEE, BHMEL100~2004
(IR 2 AN AL

1 3 MEIELIRIRIAF RIS R

ey J ‘ S ’ [mmﬁ J

WU

NoSQLA i/ || itk
‘ﬁ%@%’ [ﬁ%%ﬁJ [ ﬁﬁlJ[ wir | | ok

{ﬁﬁﬁ%’

Y

Gi—HIT RN E

[ WSS }[ (3%

][ ST B ][%ﬂ%ﬂz‘ﬁﬂﬁﬁﬁ%ﬂﬂﬁm][ T A }

\

Gi—WBAR S )2

[ DAGH ][

waits |

S ][ BRI ][ e }

Gi—Hy A XA R ELR

[ Yo ][ — b ][ 5 WA ][ SR AT ][ BT }
e T N — — ——
R B
wEWs | Bl | %NS | GRS | RBAURS | SREAURE | Zeikp/mmime

B2 KMESBEEFHTLRRSRRMY

LB LT A, RAPATCIE (directed B E(E, BEMRRMERISQLER L0 AN

acyclic graph, DAG) 18 & Pkl

REAT TR T A 2R o AT MPPAR

PRALRE, ATTEIRIITT AL, AR R IRE M, DAGH SR IE & KSR BE LT 55

2020030-4



22

BIG DATA RESEARCH A#ifE

2020030-5

Yyse, = TDAGE X ARG &
T, BEALWE S G ETHE L IR S TE NI
ZEARI T AR, T RB AL IR S0 SR TRER] X 9
LN, (RS T E 2 N

Gi— M oA A B R A 1Y
HIRFMHE T K, NAFE % IE
S EERI AR L R 2R AT R D T4
G, LR R I g — 5 21, X
Lo G g A 4% T AT AL AR E i Hadoop
AT OCHE %S (Hadoop distributed file
system, HDFS) . fi-TBigTable 719
HBase. T2 &5 Lucene, HI T
S E S 5,

ARG REEFE T Kubernetesf g —
M R R A L2, AT LR B A
Fhit 8L S5, WIS M Kubernetes &7
A FR SR RS AT, S — 1R
PR B E T DL AR AL 55, BLAh
MapReduce, Spark, &>, HEREH
BUL##21] (message passing interface,
MPI) &t pe T AT 55

TSR BRI T B

41 G—mFREOR

G R AL E O &5 i dm 1%
aPAT IO AR, TEE SRR A i LA SQL
2003, OraclePL/SQL. MySQLJ7 & .
Cypher 1155 7 55 A TR BT 1T
TR AT | T8 ST AT TR A e
FET G A o R S A, T
H AL A bR o B s ST AT
DI Z A T o R B A T o R 3R 7 5
—HIC AL B, PRSP T IR

THI 7] AR EUH AT A B 58— Gm 13 ML
b a3 .

(1) JAEIEE AT

AT & IEN S — A B,
TTHSQL/Cypher/PLIE A # #: hy HLii

(token) P41, 384 73BT &% — M LA RRELT
WA, BBk o bras i o Bk ot
XA E I SIS B s T E I SISPA)
SQL/Cypher/PLiE A g7 iFERE 2, 14
JE N 1 B ZE R il SR AR

(2) T LA M R

TN AT i R R I — N IR
B, # AR A TOE R, R A
B B R S AT S o T S TR ST
WA T LE AT ARG HRATH
AT, BT AT H RO R &, Al
AR EITRESE

(3) AT R A e

BT R LA
SE R TR VR 5 78 S AT I
Ac A g T LA R EE A
W], s ek ke 7185Y . - X
B 15 SR, AT HER T A,
PRI T TR AR AR T

(4) BT A i R A A B

SE5SQLIL B, FT 4%
R A T RS N i R A A S
7 PR BT I8 5 i A, SR TR SRR 1Y
A T5 5, BAEFCACH MR . sREL N ST, TC
MR AEIRAE MR SEUL I .
PEIRRAL L FRATHCEE, TH RGO e e ar
PARE— 9 DA 0 S v I 4, 42
W,

(5) YRR AT v R A ploAsE e

P B AR AT T R R T AR T T R
A AT DAFE 73 AT U B IR BT s AT IR
7t AT BRI oA T R
S B | RSN e o T
M, BB R BRI, AR R B R
PR APAT AR R, A2 T T A e 5 A0 Y5
TRAT P13, e 00 B Y RO B A s RIS, A
TR RE R, e Rl S A TS EE
JEIRER G, BRI A E 2 e &

FE 18 FANAT T R A Py B AR AT 3



TOPIC @&

K| Az AR T3 T, ASCIAE I HHE, S
B R R B SF A B U R AT 2
BRI o ER B, W DCR 4
TP R AR . Bl S5 R K5
SEOCACAL B 5 B Z2 BRI B 434, AT LA
MR E I HIAE SR FH % 8 Join . MapJoin, 25
FJoinfF LA ; 0 EIE AL EE, W] L
T FE R AT, B BRI AE S
(resource description framework, RDF)
LR BN SPARQLIEE R BT &4k b
B, e R A R T e AN Sl SRR
7SR UGER N R ITIE R, &
ZARB U Em o Bk B EX Y
DU AT CARAIE S A S Hf b P AR AN 2
FLBEHITEO N R R KAITERE.

4.2 G—HBRTESIER

SR Sk € g - Ry AR ]
PiFf, —FEMPPZEA, H—FEDAGHE
Mo WEEMR FRE, FETMPPHH 5] 2
R H 2 SLRIE 4347, S22 (R AN
B, /N RGO O AT s A
Ifo DAGRAE G /K 2k (pipeline) T4
MR, AEBUIR AL P4, AT LB DAGS5E
B IRE IR B K 22 & R, DAG
AT IS T A B T ITFAT I TR 55, BB S
O3 e ¥E R H T A FRAE A TS Rl

TABEE S
TS EER

WAL L

TeHRE R
SR AE B

AT
TR AT
FE

BRI RITET R i
AL RSN
R

AR IFTAE

BRI T VR A2k

W

B3 EASEHEFITLENE—RERILKTRE

ARSI EE T DAGH G — & L5 |

BT LA 2 s T A5 B T BB IRFE , &
BRI LHE Z 1A AP B T 5 55
DAGHMPPIM I B AR T
FEDAGHI TR |, S5— %L
PR VT 505 (B2 SR R I 3 I At Ak R 55

=1 MPP 5 DAG Z2MXdth

PR R FLFMPPIA A5 4 FLTDAGIZE— I v 55 |
R AU FHLPAAT B, BT RIS S S, AT A R T B (5 R AT DA SE A bR R AT R 2 )
2R SAT 55 DU PR wf BRI | 55 s, SCRFERFE 2 R tAe

HE AN 05 5 SR A5 D0 73 BRI A AR

BHnmfErERe RO A el B A IO PEREBURE, AR gg%)ﬁﬂ@ﬁ%fnﬁ%%ﬁ/}ﬁﬁ%ﬁﬁé SURE, SN

I

A PEALERBA, AT AR B 4T R AT, BRI B AR
5% VAR R AL 55 R R AR A7 TFHR B IR TERE SRR L L UL S T R SR Tt

Fe gk

2020030-6



24

BIG DATA RESEARCH A#ifE

VAL B, 5 A K S At AL B GE—
Hﬁfiﬁ”,i_l_ifméﬂfiiﬁ SR K Bl SR T
B, A — AT BRRE SR eI B
[T =F- 2 %f)u(ﬂuj’tt 7R, W R
ZIE BT B K

HAARRU, 8—mEHRTH RS EER
b AL PR Bl A R e G R TR K
DAGIFE K, Hi#EDAGIHT B (155
AR R FR T S a3 AT 55 5, ITES &
{JLﬂK%JfFf?%ij'J 4#7HH’JT¥R% e 28 %]

jjﬁ b, ARSI fE fﬂaﬂﬁﬁﬁ%‘iﬁﬁ it
AR P — P I, AR ST
PO EEIR AT — M 58, ARG
HREE, WU ISR TT R,

4.3 G—HSHAFHEER
it R A S A s AT S T A

R, BRI RS [ G %L
AL B AR GErh, PrAISE s R TS5 IJH: K
%ﬁ‘i‘%ﬁﬁéﬁ%% TRGT B SAT S|
BERHRA IR, CRAILAA TS SR — 2

P, LB E S ERIERHS .

ASCAE R aft I SOR PRIUE % 70 A7
fift B B R B — 2k, IR AR R 58
PSS BB DGR 1, B i 5 2
BEATER R IEI, AR TR B S — A
AP RS, g — AT A A
LA TR AN 2, FEER AR
(IRaftr HIFBEATZH, SEli B R
PRIRVE, Gi— M A U7 i 222 R
N4 R

G3A AP R A T Raft AT LA
SCHLEATN T RE

o K EALAF fk Bl A Z TR AR AR | 2,
TS BRAS B T R AR — 25

o TfE s IR, B AR IR A

1R

————————————————————————————————

Table Name | Storage | DML
0 Lineltem | Tab e

WebPage | Text
2 BigTable| KV
Customer| Tab

{8 5%
Table Address Status
0 10.10.0.1
0 10.10.0.2

10.10.0.3

2020030-7

4 Z—NDhIGREEREEREE



TOPIC @&

25

w2

o =R 55 T A ZH 19 3k E A A SR 2R ]
&, VASER HEE 55 B EAR R A4 5

o ELA A ifSS TR E IS5 aEST, LA
LA S Ko

Gt — W9 o3 A A7 048 B2 R A =X
FAE ) T se e DA & ok, I — 2
PEEE SRS RIE RO . 2 URIT I 12l

(multi-version concurrency control,
MVCC) $H | 73 X g 2 155 T e 1,
WEBIT 7R o A7 fift 5 1 55 5 S S H AL
A, £ U3 Al B SCBLEE EAKsl, AR
HEAT $82 L1 150 A AT A S B AT =0 A0 R Y
k.

ARSI R, v A U
PR AN RGN G — W40 AT U i
BHE,

o TEF/MEALIRSS e SCIREL, M
KRBT ARG Z (R TR

o TEARZHL A LI SRt P, 56
BCRR RS T B AR AR Bl an, AT EASE
HMOnExecutels ¥, S8BT E
B, AT PISEBLOn Failed 77 ¥, SERLHAT

o & M A 2 S5 i S SR I A
BT ATHIIRE L.

PRI P B AL B TT v, LSS AR
5 RS RE . AT R SPRNME
PEEHRESHRE.

4.4 G—WMRRHAEEERR

KA S A £ I8 AT FR el B
PR B A FOAS [R] 28 B o SR 55,
MapReduce. Spark, GraphX, ¥R[F2£>]
S, BT BCA— S TR B BEAE 2R
FTLAC R A R 55 — AT T
FEL A KubernetesfiR, il i KEIEIG
BHEORMOIHT, LA Gi— 5%
PR A BLR, SRR AT 55

Zi— I R U R A B 2R R A A
HARIAT RGeS A 0S8 T I B LRIIE,
A0 F R U BRABIE | IR S5 A R R AR
B, a6 R,

NS5 AR LT 558 45

® [ B S I S RN AT B T
BWNIETTHIIR ST BIBLE 25

KM IR M HEZ 4 o LTS HUE R B S
Yo 5 A AT
[ — g ’[ BN H MVCCHI ‘ SR W2 1 H ’

= = = Holodesk Hyperbase Stellar
DB2/Oracle/--+ &g Texts ORC- Parquet on HDFS Holodesk Hyperbase StellarDB

BS5 #—HNOMAGHEERREN

2020030-8



26

BIG DATA RESEARCH A#ifE

FLARRLH

|

|

|

i [ Hadoop ITensorFlowI IR %% j
i [ Spark I GraphX I%,%%ﬁgﬁa
|

—Jﬁﬁ@i—>[ ZRRERES ]

TREGH PR

v
[ BB ] [%f%ﬁﬁfﬂz] [iﬁﬁ%ﬂﬁ%] [z—wzaﬂﬁ%j [ R ]
lﬁEiﬂ

e T

Kubernetes 3= 5

TR

EIEE

FA R
|Pod1||Pod2||

FA R
| |P0d1||Pod2|| |

________________________________________________

2020030-9

6 Z—NBRRBAEESER

ERpEZ: 7o/

o LAFEIRSS : FETARMAEAE I K1)
AT AR IR 55, KRR 55 1 & 48 oE
TR

o LGNS YA P R AT R
URLAH = I 25 1) 55

o FRESHUG: X2 dn . IR A AR 25 E
(i

= R A TS BAR N A H, B
W BTN, 98 S5 IR 55 155 e 3R BRUSIE Ff
AR EHE , T2 RO RO, 43 Tic S s 1
AR FHEH .

TEPRAE BRI BR OR FI Kubernetest@ it
e GHENER Y NS

45 B4

20194 % I AT GartnerfE (201945
e B BLBOR BOABE 2 ) /0T i A rh B

M “AE—A R G AL B2 P S A B 2 R
RELIRAL PR AR A T 12 AT R
P AR KA A TR VT T — TP LS S A
I FAT PR RGE, FF5ER T 7= it A
S IER . SRR GHIRAL AR S, 2T
Gi— I B B ST LA T R

o ST i as LA SRS — T A
R GE T e AL B IT A 8 1
T B AL BT A R I ) 2 RO
VBT, FEAR T RO B I R TN T R
A2 ST AS, R TH T B 55 T A R
S SR N R

o XS AL Ge kL e Ab PR A, BT
DAGHSAEHT T S — a5 1%
JE T BT A SR A YO BT s 3
SRR, SLBLT R R T S R T A
HAEAL , I8 T L SR a A PR FE A T8 AS
THE, ST T EAR S T SRECR

o T EIX BN TG — R 434 =X



TOPIC @&

27

0k 8 LR R Bl A 0 G — Ak B e
SR, BRI BRI L
B HE, ALY S AR B A7 6 AL BRI
2, ST T ELEY S5 AR

5 MAXH

DABEAH AL 50 05 5 ] A w1 H 4 Ak 2 5=
ST, JEoR T SMPZRAFAIMPPEE
TR (R L R A BRSPS A AE LA T [ 8

o KU HIBOR G K, 2 LM PR,
H A BV HU DR

o JEZE MR IRAL BRRR I ANE o

o RAIHBIIFEAEELIREE 22, ZH Hh =
THFEA B TR, MECRUEE R i — 2.

FTPACHS R, e T R TS
— AR )R FUAS S A B R A BESY-E fif Tr

%, AT R

PR Al 15 i 2 T, R P U A
R T SRR R L AF A UL 2 o U E
T AR H R R, R R At U P R A
2 MBS EH, RASG—MIHES]
B, SR 2 R R AR A
KA, FERAEEAC | i 5 I’
5. BI/AISATEE Z R Is oAb 2L RE
TS T T 3R G GG T SRS K2 2 4
SEPFRRESIIR G ET R RBEIER
N ERRAET IR MR B A= 26
PR B W R A

ARSCHE AL BV 5 E TS R
ARG, #E2020493A, f# HiZ 63T
RGHM A S TIE300 R 4, 4
REARW B TR E . A R
WM FLREERE, “FH CPULIES 0001,
WAEIL100 TB, AffEfEs (a3 PB, A1

| Uk [ e AT ] [ ARIHCRA TR ]
2 ,L____________________________________________________________________________i_____________________________________________________________________________,
| TR C oomamt ) (O mmx ) ( zmemm )

FAK | |
RO | | sl
|t

B | ey [ S

Bt

) (o ) (

B7 REETFR—RHEOAMESHHELEYS

2020030-10



28

BIG DATA RESEARCH A#ifE

2020030-11

RS AR T A5 ER T T R AL AT AT TR
RGBS RS, s FHREd 7 3kiE
A B ETG FH—UEA: ETEH, &
AR GG B UGOE: AR
WAL EE N, B 5635 R 58 i 5 e
HIAEBEEE 775 o8 = UGB ST B A
RET, SRACECIR A B A . 3BT 5
HE T R A R FRA T AL BE R SE AT AT
P, I S — A se s T AU AL B
I, {6 FR ST RE N B A T N 2 R AL
N7 5

6 &FRiE

HAT, KEHE 40 AT 3008, K
5 3. O AR LR AE [/l — A7 & Hhar DA
JERFZE IR A E G TR0, 487, 43 B1IEA
HadoopfSpark AR A IR0 5 K%
P2 OB ARAERARAE M | VRIS 4T
W7 A AEAR Z A0 T e i 2]
A, ASCHR TR S A B R I T
HRRGE, Zid BIG T A EN, e, 56
UE T RGN, A 8w A 2R
BRI R BE 7255, A THESI AR
NTARE . 2T RN H— A 258

SE Y

[1] DAVOUDIAN A, LIU C, LIU M C. A survey
on NoSQL stores[J]. ACM Computing
Surveys, 2018, 51(2): 1-43.

[2] SHARMA S, SHANDILYA R, PATNAIK S,
et al. Leading NoSQL models for handling
big data: a brief review[J]. International
Journal of Business Information Systems,
2016, 22(1): 1-25.

(31 BRI, [ ™ Hodh B IR S T 5e 5
ZEBHI). VHSEHLRL, 2003, 23(22): 39-42.
CHEN M F. Research and discussion

on the application of domestic database
management system[J]. Journal of Computer
Applications, 2003, 23(z2): 39—-42.

[4] IDC. Data age 2025, the digitization of the
world from edge to core[R]. 2018.

[6] STONEBRAKER M, CETINTEMEL U.
One size fits all: an idea whose time has
come and gone[C]//The 21st International
Conference on Data Engineering.
Piscataway: IEEE Press, 2005.

[6] CODD E F. A relational model of
data for large shared data banks[J].
Communications of the ACM, 1970, 13(6):
377-387.

[717 DEWITT D J, GHANDEHARIZADEH
S, SCHNEIDER D A, et al. The Gamma
database machine project[J]. IEEE
Transactions on Knowledge & Data
Engineering, 1990, 2(1): 44-62.

[8] DEAN J, GHEMAWAT S. MapReduce:
simplified data processing on large
clusters[J]. Communications of the ACM,
2008, 51(1): 107-113.

[91 KORNACKER M, BEHM A, BITTORF V, et al.
Impala: a modern, open—source SQL engine
for Hadoop[C]//Conference on Innovative
Data Systems Research. [S.1.:s.n. ], 2015.

[10] ZAHARIA M, CHOWDHURY M, DAS T,
et al. Resilient distributed datasets: a
fault—tolerant abstraction for in—memory
cluster computing[C]//The 9th USENIX
Conference on Networked Systems Design
and Implementation. Berkeley: USENIX
Association, 2012.

[11] ALEXANDROV A, BERGMANN R, EWEN

S, et al. The stratosphere platform for

big data analytics[J]. VLDB Journal, 2014,

23(6): 939-964.

DONALD F, ADAM R. Hype cycle for data

management[Z]. 2019.

e, REPRIE A3 ORI, FEFHARS

FrRifELL, 2019(5): 94-104.

SUN Y H. Big data enters 3.0 erallJ].

[12

[13

Information Technology & Standardization,
2019(5): 94-104.
[14] XUFERE, Phocit. KA S.0——/FHadoophy



TOPIC @&

29

R OT AT, BER SR L ERT technologies of big data in post—Hadoop
W, 2019, 1(1): 94-104. eralJ]. Frontiers of Data and Computing,
LIU W G, SUN Y H. Big data 3. 0, the key 2019, 1(1): 94-104.

(1979- ), B, BHEERL (L) GIRAR RMHIFE 50, LEGTTEIT R REE  Zol . AL
BRE U B AL R

(1971- ), 5, ffid, REMERERHL (18) G RARIREIRHI 5T BB, FEAF 5807 78 KA
FATHIT . ZAF i N TR RESE

(1976- ), 5, BEEERHL (L) AR AFIA A, N2009FTF A5 REHEHA, 2013441
SEAE], FHIF I H— AR B AR M A £

(1986- ), 5, BIMFERHYL (138) B IRAFRHARHARFREGIIT R, LEATFE7 R RERE
C AN T

(1985- ), &, BIEREFHL (1R) AIRARAREIRHAROITE R, BTN KEHE . AT

KRB H: 2020-05-09

2020030-12



	2-�cË.pdf

