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Abstract Among many power grid data processing applications, the quality monitoring of power grid data is one of the
most important services. With constant increase of the scale of power grid data and the number of data quality checking
rules, the processing power of the current data quality checking system based on the traditional RDBMs and computing
platforms has become a serious bottleneck, making it hard to conduct the data quality monitoring and checking in time and
hard to scale when the size of data volume and number of checking rules increase. All of these make the current system hard
to meet the need of management and operational decision making. The big data technology has provided great technical
means and support platforms for the solution to power grid big data processing. Thus, in this paper, we propose a big data
solution to power grid big data processing. We study and design the techniques for distributed data storage and parallel
computing based on Hadoop for executing data quality checking rules. After choosing a few typical scenarios of batch-style
and streaming-style power grid data quality checking for verification study, we design and implement an indexing
mechanism for data quality checking, building a fast search index for the attributes related to data quality checking to speed
up the data quality checking process. Further we design the parallel algorithms for executing multiple data quality checking
rules based on HBase and MapReduce. Based on above key techniques, we implement a prototype system based on
experimental data sets and checking rules for verification purpose. The experimental results indicate that the proposed
techniques can effectively improve the performance of data quality checking process and meet the need of real
time/near-realtime power grid data quality checking, and, at the same time, provide a system solution with excellent
scalability.

Keywords: Power grid big data, Data quality, Checking rules, Indexing, Parallel algorithm

BE fEZENBBELENAS , BMBERERNRBENAKELBLSHFHRERN—IHT. EEBN
BEAENBEREREANBENEZENTER BRNANETESREERSENITEFENEER
ERBRARGNLEENCLEIEWAT , SRR BERENENNRE , BREHELT B, Kl
MELUARE B ENAEFEENZERRVER ABEEARNBEREFMABELERE T RFHERFERM<E
Fh. Mt , ARET —HETARENENBERERLARST R , HRRIT TET Hadoop FEN T
ABFEFHEEENHATERBANPITER | EEJENEERFERERR ARG R | #T TRIEMRR ]
R THNBERERNRSIFENE , XREANERHBEERIRERS , HRE-FRIUIXATET
HBase A1 MapReduce B TILRBAMMBATE L EEBERERRALEMESIEERA EUHER L


mailto:zhangzhiliang@guangzhou.csg.cn�

THEHWE S K G TD

Journal of Computer Research and Develop

ETRIIMBEENREANZAT —MRIEMRS  XRERKA  MREHRRG EZTT AR R A RE

RERBALIEMEE
RTT B

AR RN EMBERERRER , ARRKT HEFRF U BENRSHE

REE  ERNAKE  BERE , REMAN , R, HTLEZE

PEZEDES TP302

1 5l

][]

USSR, Bl AT M0 N B RS s ok
ATV R AL BT SR SRS, #E2) T REAR AT
AR g o HLPAT YL 4> SR PR R it I H 45Uk
B HLAT Y F S AE B AT AT,
R EH (1 B AT AN T3 o A ) i 19 54t el
3 HL AT D H A 00 T R O T R R
A 1R B b B AR L 4 X DAl A v R 0 14 Ak
K

TEWE 2 H R AL B T v, P Do s o o e )
J2 L R EG A A BEMD 2% vh fe B2 ) — N . T
W M8 5 1 2 1A A P 45 T T RERAS, [ BT
SRR, HL AL AR KB B G B RS, X
A5 BRGIE NE 205 BN, 7ok T8Ik % R4l
EHEA—E ATeEE. ATESEEE T B, I
HGH 2 v 9 Al 5 2 1) A P AL BN F L R R
RT3 b 5717k TAR 298 AR I @, 25 7™ H 500
H A H AR B Ok, TR o 45 K
P AT B o R

H T IRAT 1R PR 1o 5 AR 00 2R A i T AR S
H e B G S BI) o Bt FE 9 M 55 B A RN 4R T
SR R B (AT, BT AR S
FRIVHE P & (0 20000 5T A 50 2R 48 1K) AL B AE ) H IR
PR R, HME AR 58 R o ) M AR
TR B A LA A2 (1) A 7 BN 2278 PSR R 7 K
FH N HL ) Jm s P i B & OO B A
N I 55 45 Dl 25 3l 45 i £ 37 7 15590 4%
R FNN, FE RN b [F]25 SR Bk 55 ZR G4t & kit
500G, WHREEI TR 12 /NiF, RS0 Ab BRI ) KK,
T B B R R e a5 R T B R R A e, T
VR SIS LR UE B 14 250 (X HERA V(L] o 7 L PR Do B dnli
P KL 257 R, bR B R PRk
. HEHR R, BIIAARSE, ZIRTIA RS
PIACEERE Ty, H AT REAT A H I8, TR A
D7 S, LR o R RS A — R

5, TR RER— IR ) S AR

B, WAM ARG T YRS AR, b
REGTY REE o B RE A0 RN 9 2540 Ha g 18 46 TR R RS
ML, BaE RGNS H = A BLAC I £k
AR AN =, % BRI A R R ) £
PRSP, FECH BTSN R SRR T
KEMESE, ARSI 52 AR, ks DAE
AT H 4 o e R B A T 3K

ANtie S ARG B RIS 56 HH SR PR T, T Rt e 48
Mb 55 SRR FH 3 ol 25 R H B 1 URS: , T HL 2 5 i)
M 28 B ds Ge vt b gt S e P, S A KA B 43
Mroksfe. PRIk, s Ak ia U 75 ZR R T - BT I
AR TTER RGO 6 K vk LIk w8

I JUAER, BT o0 An AEAE R AT V5 0 R s
FERFT- AR e S, Hg D20 N, b
il AT ML R ESE R )RR A TR A R T B A
YA BPNAMEA OIS 3R KREdE &
AN AT ) B Rk — AN 208 1) 75 SR 24
RINR A 2] EIA &R BB ART-6
H AT bR AR e BN T g Mk A 1 3 K s 1
& 45T (1) Apache Hadoop % 4:[3] 1 Apache Spark
RY[4]

Hadoop & — M4 T4 A1 23 7 FH IR g5 w2
BB CRBSEE A AT IR RS, Hile
&R R —/ME & T HDFS.MapReduce . HBase
Hive. Zookeeper 55— RAIFHIT I H LA — R4
=7 THB D ae s K R EHR b BV 5 FI A S R 4
N T R OEAE A A B, e T S R
v ] T 23 A R A7 2248 HDFS[5), JEAE H Fay
T RS AP g5 A B 5 B o A U R R
4t HBase[6]; [FII, 4T 56 Bon KRR HE 1) Peod 4k
P, Hadoop 2t T MapReduce J474b THEHELLT],
FOVFXAE At 7E HDFS 8% HBase H (1) KM B 3647 91
T TFEFIALEE . Hadoop PRI 7E K B4 b B 4iek .
AT Z WS REFR S HYE, 1H 2007 4E4EH
Jei s ARPRAE TN AT RS KR, [ A3 T 2R
(1)) 2 FKAE RIS . FERIRLJ LA, Hadoop fRAR



THEAE S K D

R B H AT 5O ) B A2 AR
O RBAR AR ERBA T RS T4, H S —Fiok
i A B B T ARAE, 7530 TSR —
PR RISt FEAENL SRS AT TR M
ITAFEN T2 N H

T HE— P R K HHE AL B PR R, UC
Berkeley AMP S50 = W FU S I T 26T N A7 5
Spark &4, JF H Hay & vk ok o IR R 4t
Apache Spark. %k Apache Spark &N J7 A
ApacheSpark1.0 T2 A A1, {H H T Spark kT~ J&
I, BT LA AR, Spark FI AT 35 B0 H] T A
BN I L g 2 ) SR AR T B REAR T ST
REAEAC BN, XEFECE TB J5% PB MURLI4L
b ¥, Hadoop HHHG MR M. N T 0 H
F Hadoop ~F- & b imdr Fe R e vl FH 1 1) R4 o0 A
FrAik A L fE 77, Spark A< £ #% T Hadoop V3.2 I,
{RHFFE Hadoop V&5 —Ef2 ¥ L7 53847, Bt
AR AR AT M R H s A BN, AR AR T
Hadoop V-5, K5 Rl J 28— Sei anplas 2 > &

T BRI L T 2 SR PR 05 SRS

Al LAl A8 Spark JEATALRE

N T AR I A SR I Il 45 H i T AL K R
GEPE R SR AT 7 J P ), AR T AT
DR EGHE 11 P, 9 B o B A S R R 5, R R R
WIERFST 2B 7 3T Hadoop ~F- &5 1) L I s 49 A1 =X,
B A BRI AT AR S BB AT RO . i+ FL
b KRR E L, 5K 2000 SRR EHE R,
[F) BN e o re A KR B B 0K, a3 15000 DL E,
BEAR RGBT AN, Bk, 7R T 5L
PEeAR T AT IEZ 1T, H AT ek A e v Rl
5 54 VR 56 F0 ) 4> 3 B R H A 7 & E A Uk A
Feo AL, ARSCEPE T DE LA A B
G AR 5, IR B IR PR B S A R
HEAT W10 (W) B B R T3 SR A T35 () 36 UE P A
Te

h T ST AR (T SR, AT IS T
B0 B 00 R 2R 5 AR AL, A 36 R I AH DG 1 £
P B OR R G |, A A 5 ) A B R
R G FEPT EH IR b, I T OB R SR
U], FAVHE— PRSI T 2 AT AT EAR
g5 BAEBMVTI T — AR RS, EHX ik
PR ISR PR MR SR e B2 DA SRS SR RN, 1] 5 A%
MSEBRIDNE 25 2R GERAEHIE 4 Bl LR S IFER
BT 6 AR BRI SO« BRI s R A
AR FE e R R o O UF TR SRIR 25 AR W, A i

3T Hadoop IR Es BTy SEANAL B39 T AAT 3%
M B TH Y TR A U AR B B, DR e 1 S I B S
I R R PR A AR AL, IF LB T BAT R n]
PR R TT 5, 1 Hadoop 1~ & i Al 4
JEE, AT AR AR AL I He i 1 22 155
NRGEY TR

AR FATTXS [ A A AT MEARBL RS T A, AEFE Y
WA, H R PAY 1 AR AT T RO AR 1 H o K
SR BB R G B, #IC ] 2 2% 1 [ 20T
Flo BRI, FFXHZN ), AVREURE N3
TREE T R 2 N OT K AR, BT —5E
(1 S H BB

AL 55— 51 5 4 T M Eds
SR I BOAR TS S5 R K 100, ] A A
Hi KI5 T Hadoop ~F- & 1) Hi 40 o e et 0 K et At
T3 ZE LN RASSCIOWT TN 7 5 5 AR o A 4 i oo
U ol L FEA R R IER I IR = A
T i) i 36 PR it A7 Ak 9 RS IR S DY A 4
FAT ALK 35 IR N HRAE RGN B9 5%
By BLEIRIESCIRE R AT SN R g
& TAES

2 BFERERR B BEMBERS R

2.1 BiER ERLRK BB

FLL 19 b 5% K Jo B A 6 4 % 1) S50 D S R A K
Y, RERARCATH IR OB, T B AT s S e
R RO A S I AR B o A5 U = 2
P 2 1) R B — SRR

AL UEPERIE 9T T B T A RO S5 R
P St SR AR b AR 7 — B A4 D SR g 5%,
H b2 il i R A iR A N HF 497 GIS Kt 5
B RS — B AR — B AR AR v 5
NNy (GIS MIER ARG — g H) *2/
(GIS ARG BE+HEMAGH N BED. REH
K2 480 U7, & HAAGKIEE = 1 T AW, #E
S AR P — BRI AR I, i 2 AL
Bt 80 BB LR G R, UE
RETR ML 25 R IEA— S S da Hdn i >k

AR R A S Ml 25 T 3K, SR [ Kl o
BRI T YA Sy =2

1) FREONEAER AL RIATR R, KR

A PR BB AR P KR P I A A



THEAE S K D

2)  FERENHEAEL AL LTI R, KR
— BT BABLAE PR R I R A s A —

.

HEG A2
ASCHIRAERTFTH, IR GIS R4t
R LPR, MO E R AT L P RIFER S5 o Tiooxt

3) WEXFEUERMLEARIITRR, MRE THROKREANEWE 2 Fir,
A5 LUK 7 BUAEAE P 06 e 3 R 1) 7 B
= LRI GIS R4t

2. KN

FRBE X TR TR

GIS_MRID GIS_MRID VARCHAR2(500) = E$HR.GI5%

GIS_JH /" 448K GIS_NAME VARCHAR2(500) = EHE.clsT

GIS_15i2k ID/F )@ (nl#g  |GIS_CIRCUIT_ID NUMBER s o R
GISZ,’;ZH%%/II;T A GIS_POWERTRANSFORMER_ID VARCHAR2(40) = EHAFRSERST
GIs_jJT/REib%i S |GIS_ENERGYCOSUMER_ID VARCHAR2(40) =] GISHFHR=EHaT
GIS_LINE_CODE GIS_LINE_CODE VARCHAR2(20) = A ESRID
GIS_il3 Jr 2 GIS_MEAS_METHOD VARCHAR2(500) =] BREHT—3

GIS_fHt Hi X 3k

GIS_ZONE_CODE

VARCHAR2(50)

= PrlERERA—E

=] RS RST8]

= (XA

GIS_JH GIS_USER_TYPE VARCHAR2(500)
GIS_tek nl i 44 % GIS_CC_NAME VARCHAR2(100)
GIS_[X )5 GIS_ORG_NAME \VARCHAR2(24)
GIS_JJ@ILpT GIS_PTR_ORG_NAME VARCHAR2(50)
b 45 1) 1) YWTIME DATE

GIS_VEfT ID DEPT_ID VARCHAR2(300)
GIS_f fid GIS_FID NUMBER(10)
GIS_AF FRARdl GIS_TRANSFORMER_GROUP_CODE  [VARCHAR2(30)
FH o Rk POWER_ADDR VARCHAR2(100)

2.2 BB EARMERG RNT R HR

(D B IEA R T 5

R AT R, — o AE et A
BI6E S L AN I ) B 1A SRR FDE S5 R G A

BEORT 2 P 1 A, S AT L ) S 4
RPBEADIATHN R 7 MRS LR
5, BIAT e T HM it DR O RS 8 g s s RO 56
ol K N RO B A oK A5, 7 R A 3R
B AE LR N BEA TR o IX P AN ] RIS S A
1P,

tLxt & A HAEE B tEx & A MR B
B aA K=Y At s EiiE A S B
(a) WU (b) 4= U5

Fig. 1 Checking Modes for Incremental and full Data

Pl 1. i R4 b IO A

FH T2 56 A Al s A S A A IR, AT A
P A7 K4 1Mk 55 3 40 10 D i 00 0 % A A7 A A
HBase £

SR T A 3 () 5HR R Ak 2 I T) AH 22 1R
Ky ARSOFPAAS [F] IR A R T AR & 5 |
SGBLITR7 R

XT3 R, A — AN )5 1
30 ZrBhEk 1 /e, PR R ERCED EEAERA

RGO REOF AN W TR B A AT
GIS i 5, K E R Bl e 1 )T LUT, L,

RN ZIHOT BECT AN IATE BRI B
XFFBG WHEUER I A IC R AT R 5], KRS
AT AE HBase & o T~ Hox 7B oA S iR,
AT AR HBase [MATHER S IHLHIEEAT P
A ALK e X T LER 5 BOASZ BRI, 1
HBase AR MEAE LBER T IHLH], DAAR S HE 4 75



THEAE S K D

B A 3R A BAS 2 B AH BY. 1) B 7 BAE BT AE 1 e
ko N T AR TERETTAY, FAT X £eqE
B LN BRG], A S HBase th, DUHER
TR 2R 5 | 32 A7 BAH R IR A5, AT A 2R i i £k
P AT BUAR DY, (1) b 7 B E . 385 1 Pt R Bdliad
SEEPRET, S E A0SR B A AN, AR A
i R B B, 18 HBase f g FE 4z 1 puidi 2
FRIEUER A5 LT B IC 3%, AR5 AT RS 56 4G
AR T-BOE TR — 3

XA R, mTHARENA SRR, A
R EEL SRR, W R FR ks,
BRI AT AR, {H i T i HBase g 1 E AN 2
PR HECE T BT A B e sk, BRI R RS
K, PEREAEEIAL . Sk, 4 T3 SRS RN PAT I
PITERE, FATHE AR B i g v — /M HDFS (1)
ARRG], KGR, ¥R R T HHE AR
PAE, SRIGTE P AE DR 58 10 3R B0 i s iR F AN
PR ML BE o AR N H 0 S B L 45 K A, GIS
AR RS BRI 480 1403k, TR CHR
PO TSI K best 7B, RE SRR
JE R R L2 —, O NIRRT s =
Ky 100MB, 584> ] LAZE A7 g AR B . ifi
AN RS h R KRR AE 2 TR
S, OO AR R G [ EdE KN KAI7E 400-500MB,
BRI, JEAE A AE TP AT R R e AT AT . T 58

3 BEFHEEREIEA

3.1 HERERBNNBEFRMNRSI LR

AT 58 FORT R i s AR KR A 6 AR ) B
THALEE, BR TR SO LA 2] HBase Hh 2 Ak, 3dl]
g SRR R e S 217 B Bt T P
Hl R 51 %I E HBase . B, & 2 Frosiiy

A REAENAEH I, AN A RS0 (I TR A RS
[ X615 B A ) 7 B A — 4L, 3 v DAL= i e 2
FIHE P AE O IX SR [R] I DARRAT RITAR B, 48K,
W SRR B T IA B HAC UL BRSNS, 0 n] 2% 18
FIH Hadoop MapReduce #4734, DL
MapReduce FHAT46 77 2058 ek 50 AL 2E o

(2) Ko it i

B s R R R

1.4 Oracle B Hd Ze b i) b1 138
M Bk S R E AR, BRI R G LW
GoldenGate %t T-57 5% [ & i 3R 50 So8cdis , 1K 5 e
AT A 2 s A eIk 55 2% F 1Y) GoldenGate.

2). HsERRS 2% L1 GoldenGate REN 4%
BRI, 10 IMS bRz R AR T % 2 IMS
fR454s (iZaBJr K Apache ActiveMQ SZHL IMS ik
C OB

3). BERER I EHE IS Hadoop R4E,
fik A E A (P A BRG] R FebRS
RN R S P S

4). FRREHE TR R SE R, K
AR bR IR D B T IR D AR A R E
TN

5). FaliE it Web J %028 3250 & B i
RIS R i
R AR, EREIER LR 2, &
Bt (rowkey 7B &AL KI 1D W BT ZX] R
R 1 A FB Gl 7B A MREdiE 2 1) B
TR GUATFE B AT, WATRATTE5
SLTBE A I B IR 5136 LR U0 1) B bk
.

AT PN R 5 KRB LA R 5
R INE e AERAR T



THEAE S K D

P
W =1 E=y)
Dirowkev)| A | ... IDfrowkev) B | ...
Rk1 al Rk1 b1
Rk2 a2 Rk2 b2
_Rk3 a3 | Rk3 b3
Rkd ad Rkd bd
RkA” ah RkA” kA
Rk6 a6 Rk6 b6
.-'//-- o N\
ﬁglm Agrowkexl D Bgrowkexl D
a2 Rk2 b3 Rk3
al Rk4 b2 Rk2
al Rk1 b1 Rk1
a3 Rk3 b4 Rk4
a5 RK5 b5 Rk5
ab Rk6 | b6 Rk6
b /
b s
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